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PREFACE

The compilation presented in this bibliography has resulted from
the combined effort of the Science Information Service of The Franklin
Institute and the personnel of the Friction and Lubrication Laboratory.
It has been prepared as a literature survey in support of an experi-
mental and development program of research on gas lubricated bearings.
This effort has been Jolnt1v supported by agencies of the Department
£ Defense, Atomic Energy Commission and National Aeronautics ané

Space Administration, under the administration of the O
Resea

x

ml m
O Py

The bibliography is a continuation of a similar work issued in
October 1561, It contains 493 abstracts. It covers the magazine,
b icgical technical report and patent literature, both domestic
eig t of the abstracts are eithar author's or author
odified tvpe. It is arranged in chronoclogic
1581 through December 31, 1964, according to the date of publication.
firsr two digits of the five digit number of each reference indi-
cate the year., Some 53 sources, which were not recorded in the pre-
vious bibliography; are alsc sbstracted {(using the prefix 00-3. The
bibliegraphy is Proci ed with an author index {(corporate and indivi-
duzl), subject index patent index,

al order from January

L

prehensiv for the per
will be grateful to those who would call their attention to any 30351?32
omissions in this compilation,
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Adams, C.E, ‘
NOW... OIL-MIST LUBRICATION FCR AIR BEARINGS. Prod. Engng.,
‘ 5 =

vol. 31, no. 35, pp. 538-35., {August 28, 13

.‘:3

The article describes ways to prevent gailing or seizure in an exter-

nally pressurized air bearing., It is done by blowing o031 into the

L

air supply and depending on the resulting mist to leave a thin £ilm
on the shaft and journal. This £ilm of 5il acts as 4 boundary lubri-
cant and prevents complete metal-to-metal contact during operation or
shutdown. The oil=to-air ratic is not critical, and the oil can be
recirculated. Best results so far are with the step-type bearing
three versions of which are illustrated. : ‘

")

Anderson, Norman : .
2.5 to Sir George

SHAFT OR LIKE BEARINGS., U. 3. Patent Z Be4,552., (
Godfrey & Partners Limited), Appiisd August 15, 1954, Issued

December 15, 1938.

ical and annular end V'gas Eea'iﬁ§ IiIms

It is claimed that wcylindr £
or cushions® are formed, so that the use of liguid lubricant @ay
be entirely dispensed with, -

Anonymous,
PLEZO-ELECTRIG PICE-UP E*GXIBED c§€?§1” VIBRATION HL&DEREHE¥T
Design News, vol, 1Z, mo, Iggﬁgg 52=3. (October 1, 31857).

In a machine designed for i easn*znv th ?igh -freguency v1b rations. of
s s ip0s5s and frezdom from vibra-

precision ball béa_ing low S
tion are obtained by mounting the mazﬁ S§§r§}e in air bearzags. Air
. é = 3 -

i
Jer bearing by ohe Tow of three equally-Spaced
N ‘;aréfr»beggi ng hqs tna oWl of hg}:Q
) ne

laa& up ta 25 1b. can -
axial load: i§ provided by
air through a central s*ifi ce 0,830 inch jJa
at‘riﬁht-hané .end of spindle, the spindle @oves left and redices the
ap at conical sar-aﬂe. Increase in escapement resistance at cone
frasuces an increase inm pressure .t end 6f spindle which automatically

balances. axial load.

i
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Anonymous, : : -
BEARINGS FOR GYROSCOPE ROTORS. Engineer, vel., 184, p. 6£51.
(November 1%, 1952},

Compressed air bearings, d
sultaﬁze For different } S Sy
are given and ‘the operation is detaiiled

YDROSTATIC THRUST RBREARTR
7G.  {(September 1953).

oy

{GS. Hach. Design, vel. 25,

Analysis of a uaaridg’having a conical seat is discussed. This
type of bearing offers the possibilities of iateral constraint as

well as thrusi capacity. The load capacity of a bearing -employing
spherical seat is also discussed. Equaiions are presented.

'E:QQIRGH WITH FORCE INDICATING MEANS. U, 3. Patent 2,908,164,

(to United States of America as represented by the Sécretary

“of ‘the Favy). Applied January 31; 1957, I35ued October 13, 1959,

The present inventicn relates to £

particulariy fo a system For suppo

“tunnzl .and measuring the magnitude

spécificaldy;. this invention relates

principal of air-libe ':é'bEf:ings eugoég;-support
i

and fsrce-lp ;c;ti'g, ystem, %;at s ciaimeé 1375; apparatus for
:réEativ* =otion
3 s comprising
a stlng-tvﬁa'zuaular aﬂ??ﬁrt, BEINS. EQI.SB§D}V1RE'V - under rela-

‘tively high pressure +to the interior of the ‘SuUpport, béarlng means

for suygcrti;g the test model on the support for zim;tes'movcment

=

of the model telative to the support, the support andé the bearing
-means £itting within and being enciosed by the hollow test model, tha
bearlag'ﬂaa,$ including an air-iubricated bearing mounted on the
exterior of the support in spaced relarion thereto to form a clear=
anceé space between, the support having a plurality of air-supply
ports léading from the interior thereof to diametrically opposite
areas of the clearance space, a plurality of pressure tap-off tubes
leading from diametricaily opposite sides of ‘the clearance space
through the tubular support fe = point remote Efrom thé supgart

and pressure differential indicating means connected to the remote
ends of the tap-off tubes,

il
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_-about the :axis;. one_of vwhich: is fixedly conhected to the. .gyrio .clefent

Baumezster~ Ha h )
AXIAL AND KADIAL. THRUST BEARING, A{E.‘_V . Patent 2 854 298,
Corp.) -Applied Januagy
B,

{to. International Business Machines i
13, 1956. Issued September 30, 1958,
This invention relates to axial and radial thrust type bearings and
more particularly, to bearings of this type which are lubricated by
a £luid lubricant such as air or oil. What is claimed is an axial
and radial thrust bearing comprising a Tongitudinal shaft rotating
on its axis; a con;cally :shaped- journal on 2ach extrepity 6f the

'shaft, the vertex of the conre having a predetermined angle; a bear=

ing block in Juxtaposition with each journal ‘having & -conizal hole
to. receive the journal, the vertex of the cone of €ach conical hole
hav1ng a ?reéetermlnea angle smaller in dagnitude than the predeter—

mined: angle of the journal; and the bearlng block including an

aperture 1rtersec:1n£ the vertex of the csnlcally Shéesé'héié for
sn§p1v1nz & lubrlcant under constant g*essure‘tc the bearlpg.

ugger; R .
ASRILEARY BEAPI\Gb FG? bER\ITiXEnI\STRCF *T;

escoalc 1nstrumewt‘hav1r5 a~dyro élamcnt ané & meuntlngméleﬁp
tiﬁgwtye AN elemert with freedow .about .a vertical axis al

of the instrument .and the .other of which ;pglgdg§ an- ax;é}lgkfgge@

1ing post with an: Spening. therein tbrgug which air 4s: supplied fo the

air hearng, ‘and an. auxiliaty bearlng having two gafts relatively
movéb;e about *He KIS one cf uhlch is ccnnectes to the mauntxnz

'ﬁear;ng. -

Buckiey, D.H. and R,L. Johnson. 4
LUBRICATION OF ‘CORROSION-RESISTANT ALLOYS BY MIXTURES OF HALOGEN-

CONTAINING GASES AT TEMPERATURES UP TO 1200° F. NASA TN D-197,
November 1359.. AB*;ES 478 T

Friction and wear experiments were conducted to explore the effects
of high température, varied bromine content; and postulated reaction
mechanisms on boundary lubrication with reactive gases. Dibromodi-
fluoromethane (CF5BT.), mohobromotrifluoromethans {ﬂ? Br), mornobromo-
éitiuaromethane {Chszsr}, -and sulfur hexafluoride (SFy) gases were

sing -a thrust type air bearlng having twe garts-relatlvejy ruvable',

s
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Cobb,, WiG.

FEARTRIAGA T

e f

used. t6 lubricate various nickel and cobalt alloys at temperatures
up to 12009, A 3/16-inch=radius hemisphericsl rider under 2 load
-6f 1200 Erams géntquteé*tﬁe“'iag surface of a rotating ¢isk; the
usugl surface Spzed: was 120 feet per minute. IH some cases the sur-
‘face speed was varied, 1.} gas blend of F.Br, and CF 3Bz -was found
to be ah -effective }abr;capt to 1200%F for two méial caﬁbzsa-iers,
Stellite 9%&; on Hastélloy C and Inconel X on Rexallioy 33.. The
‘gas2§ -CHF AT angd C ”HFEBr a}us 1 percent SFg usad to lubricats 98M2.
Stel¥ite sixézﬁs on Hastellov ¢ were not .as effective {as lubricants)
.as-the gas biend (1:1) gﬁiﬁrr LE3 Postulated feaction mechanisms

- can be used to select metai~gas comb 1§$Liaﬁs152itabzézfﬁr“highﬁtéﬁ—
perature 1ubzlcatlcn Systems. o

2!* ot
[

“z«zazm»cx_rg REACTOR ‘FUEL PIMP.  U. 5. Patent Z

X N B 23 — 2as i
{to u, S. Atomic Energy-Commission). Aﬁyiz ed g g 156, 1958
Issued June 2, 1959.

This invention relates to i"?g'zii ime pumps anhd more particylarly
to pumps adapted to cireulate §,gact;ve neutronic reactor fuels.
The~aum9 ro@prlses @ rgtazabie shaft havxgg Fzrct apﬁisecpgé ends.

prOViL g at its First
‘ ~end-~of the ,
ing :0A1§ Dc&v cf rctatlon syxmetrlcal abodt iﬁ;
.s o; the shaﬁt the d;m¢n51ar of :he 3curn

?;1ch 1s-uer-

= ¥

mhitlﬁTlciiy of Lhann ‘s aﬁavtté tc 1ﬁtfoéhce a 1 brl—
gatlnﬁgzas sv h 3; “EELum to tne wgurra}~aearzng 1nter£a;e, a Ilguxa

u th thé ahaft cnaﬁﬁel anu &s srcv1éed klth 116415 gas contactlng
,'§§§?g,van #xit gas aperturs; and ‘1§§1€ réturn Jine ‘to the intet
port of the iwmpeller thousing, a yuhdlar membér surrounding the shaft

befween: the be“rlnz and the expansion chamber and -spaced therefrom

to provide a. continuous. -channel along the shaft connecting the

beaflng 1ourwal 1nter:ace and :the ex;arslan chabber, whereby at
least a pertion of th aS escaping from he iaterface ma» be con
-ducted to the expans&c - chanber

]

ON ’ri,e;ﬁzmxi E,-D:za-vf@?e Proc. Instn. Mech. Engrs., vol. 173,
no. 38, pp. B8i- SE*} 19597 — - Al

“

the lubri-

')

This paper discusses the hydrodynamic turbulent motion in
cant layer. Proceéeding from uhe Reynolds equations and introducin
the approximations curréently use
‘the lubricant £ilm thickness, the

do B

mn

d in lubrication problems, owing to
general motion equations for turbu~

ot




lent lubrication are written., Using the Prandtl mixing length
hypothesis; exact and approximate solutions ave obtained for the
fe}ecx ty diatribution into the lubricant layer. The resulis are
discussed by iﬁiﬁﬁiﬁg'ﬂ&f the pressure gradiewt and the Reyholds
‘nimber infinence tﬁe velocity distr ﬁatisns,.as well ags the
differences with respect to laminar fiow. 1In order to obtain
simple formulae, he exact dependence of *he rate of flow on the
‘pressure gradient in a Jdimensionless fore is replaced by a Tinear
relation, the slope of which dezpends on the Reynolds number., This
approximation permits cb;ain¥ 12 the pressure differential sguation
in a sima‘e fofm. The pressu re eguation is integratagd in case of
39&:%31 bearings, by assuming 2 constant or a variagble viscosity

= t t?e experimental -

the luh “icant. The resulis are ce 25* é ta
¥ i. S8

an ﬁ:ég, L S Patent 2,955,788, {to International Business -
¥achines Corp.). Applisd Septembar 24, 195%. Issued September

22, 1959.

externizlly pressurized -

3 AJ: ‘atent 23325;7} 8, {i‘:?f‘ pET~
Bessemer Corp.).. %3;1; ed June 29, 1956, 1ssucd March 22, 1950,

“This invention relates te small, mig 1. .speed tu rﬁucsa;reasé" and te
the combination .of such compréssors 1%’2131& circuits zn'cé’ §,the
volvme of Flow is rﬁzutxvé1"'sg abl, Tﬁ ? 1mar} éb}cct cf’ g in—
vention is to provide 2 sm mall, %‘gn—s ;
in which the gases being
rotor so that fhe vis coés s 55 tec with ?ubrzca-;rzf
Iiguids which %end to limif ¥ *’tlonai speeds .are réplated in this
invention hy the much lower v viscous forces of a gas, Ansther object
of the inventicn is %o provide a turbime ‘qggresgﬁ* in which z small
Totor 13'3*ovzsea which ogperztes sus g€as stream, What is
c}azmea is z turbocempressor, in uﬁich~t§eze is a stator having
compressor end and a tsrﬁzne end, and & Totor in fhe stator whi
has a central shaft and a pressure chamber : :
the shaft; a compressor wheel st one e : h
wheel at the opposite end of the shaft; a source o
sure higher than atmospheric; = '
¥ in

Le cné ;asyenc the

ways in the siator tc the T v O
the turbine; and a means to connect the source to the préssure chasm-
ber. The turbine wheel and compressor wheel are normally spaced a
predetermined distance from the adjacent Surfaces of the stator,
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06-015

whereby the gas flows from the pressure chamber ocutwardly adjacent
to the turbine wheel and inwardly to the chamber adjacent to the
compressor wheel, The relative effective areas of the cempressor and
turbine wheels and the pressure of the gas are such that the rotor
spins in the stator without Erictional engagement,

Gzwerwinshi, Waclaw
BALL AND SOCKET COUPLING HAVING AIR BEARING MEANS,
U, S. Patent 2,869,501, (to Avro Aircraft Limitad).
Applied August 15, 1957, 1Issued January 20, 1959,

This invention relates to pipe couplings, particularly to pipe
coupliings having a degree of universal movement. What is claimed

is a pipe coupling including a hollow casing, an inner member

within the casing, thrre being freedom of relative movement

between the casing and the inner member in all three degrees of
angular freedom, the inner member having two convex part-spherical
exterhal surfaces of the same radius of curvature, the centers of
curvature of the surfaces being coincident and the surfaces lying

on opposite sides of a diametral plane of an imaginary sphere having
the came center of curvature and radius as said spherical surfaces,
a pipe connection on the inner member, a peripheral nozzle in the
inner member intermediate of the surfaces and in communication with
the pipe connection, two concave part-spherical surfaces in the
casing embracing and cooperating with the convex part-spherical
surfaces on the inner member, a passagé in the casing intermediate
the concave part-=spherical surfaces and in communication with the
peripheral nozzle, and a pipe connection on the casing in communica-
tion with the passage, a clearance being provided between each part-
spherical surface on the inner member and the cooperating part-
spherical surface on the casing, each clearance decreasing from a

‘maximum adjacent to the peripheral nozzle Lo a minimum remote from

the peripheral nozzle, the clearances during normal operation of
the coupling permitting some of the f£luid passsing into the coupling
to escape between the convex and concave part-spherical surfaces to
maintain the inner member out of contact with the casing.

Ferrand, W.A.,, S.G. Johnwon, L.,L, Kilpatrick and J,P. Lekas,
MAGNETIC DISC RECORDER. U. S8, Patent 2,899,260, {to North
American Aviation, Inc.). Applied March 1, 1954. 1Issued
August 11, 1957,

This invention relates to a magnetic disc vecorder for recording and
reproducing electrical signals. What is claimedé is a magnetic re-
corder with a first disc having a plurality of troughs disposed in
and distributed over a major portion of one face of the dise. A
second disc has a magnetized medium on one face and is adapted to
assume a position in close proximity to the firszt disc, At least

it
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ey,
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one magnetic head is disposed in the first disc. Means are pro-
vided for votating one of the discs relative to the other at & pre-
determined speed to develop a seif-lubricated viscous shear gas
bearing between the discs over a major portion of the one disc.

Fischer, G.K., J.L. Cherubim and D,D, Fuller,
SOME INSTABILITIES AND OPERATING CHARACTERISTICS OF HIGH-SPEED
GAS LUBRICATED JOURNAL BEARINGS, ASME Paper 58-A-231. 12 pages.
(Abstract in Mech,. Engng. vol. 81, no. 3, pp. 94-5. (March 19539)).

A system of instrumentation for measuring the instabilities of gas
lubricated bearings is described., To measure these instabilities, a
system of instrumentation was needed having adequate accuracy,
respunse, range, stability and resclution., The system used was
developed for the measurement of the growth of small rotating cylin-
ders due to centrifugal forces. It mzasured the dynamic position Of
the journal teo within five per cent of the diametral clearance. The
system was composed of a Fielden proximity meter which measured
minute static and dynamic changes at a probe. The probe was one
plate of a condensezr and the journal was the other. The proximity
meter had a sensitivity of 0.001 micro-micro-farads and a frequency
response that was flat up to 1200 cps. Various Factors influencing
the stable operation of high-speed rotors on gas-lubricated journal
bagrings were isglated such as critical speed, unbalance, £ilm stiff=
ness, whirl, damping, and air hammer, Experimentzl data are .given
for a number of bearings to illustrate the effects of these Zactors
on operation of gas-lubricated bearings and correlation to -mathema-
tical analysis. The isolation and understanding of these factors
have been due primarily to the instrumentation develioped. Rotor
assemblies on and 374 -in.-diam. shafts have beeu run successfully
on hydrostatic and hydrodynamic air bearings at speeds up to 165,000
rpm.

P
1
F

Fuller, DB,D,, Editor,
FIRST INTERNATIONAL SYMPOSIUM ON GAS LUBRICATED BEARINGS.
£fice of Naval Research, Washington, D.C. October 26-28, 18538.
624 po.

The fluid mechanics, dynamics and instabilities, correlation between
theory and experiment, philosophy, applications, and the method of
treating the problems and obtaining a solution for gas lubricathed
bearings are presented and discussed, There are twenty papers on
these subjects.
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Heizer, E.J.
WINDING MACHINE. U. 8. Patent 2,670,146. (to Specialties
Development Corporation). Applied December 24, 1952,
Issued February 23, 1554,

This invention relates to yarn package winding machines, particularly
to an improved pressure roller or roller bail for such machines. The
objects and advantages of this invention are accomplished by provid-
ing a rolier bail assembly for yarn package winding machines which
comprisss -a roller bail, means for rotatably supporting the ends of
the bail, and a gas bearing associated with the supporting means and
the ends of the bail. This bail, in one of its forms is constructed
and arranged to be rotated by jet propulsion means asscciated with
its bearings, in addition tec being in driven contact with the package.
Tha practically frictionless besaring means enables the bail to be
rotated at a surface speed identical to that of the package while in
extremely light contact with the package.

Hersey, M.D.
PHYSICS OF LUBRICATION, III. NOTE OM THE THEORY OF AIR-LUBRICATED
JOURRAL BEARINGS. Read before the 220th Meeting of the American
Physical Society, April 28-30, 1938, Washington, D.C., as given by
Phys. Rev., vol. 53, p. 926, (June 1, 1938). i

The thermodynamic characteristics of air-lubricated bearings differ
from those outlined for oil-film bearings in Chapter V, Theory of
Lubrication (Wiley, 1936); due to the increase in viscosity of a

‘gas with rising temperature. Both thke coefficient of friction and

load-capacity as uSually defined increase imdefinitely with speed
instead of approaching 2 Yimit. For a full bearing under high speed
conditions satisfying Petroff's law, the eguilibrium temperature rise
T ir the £ilm is given by ATID= BK(T+T6}E, The left side cepresents
power carried off by radiation, convection, etc., as a function of
temperature elevation T; the known factor B, depending on bearing
design, is proportional tc the square of the spee&;rK{T}Tb}m =Xpresses
f£ilm viscosity in terms of the urknown T and absolute temper.ture T
of surroundings. For moderate temperature elevations, case i, n = 1,
m = 4/5; for higher ranges, case 2, 1 is assumed = 3/2, with m = 374,
Convenient approximations are discussed, and the exact solution given
for case 2.

Kawazaxi, Y.
INVESTIGATION OF AIR BEARINGS. Trans. of Seimitsu Kikai, voi. 13,
pp. 5-7. 1947, (Order f£rom SLA $1.1G. 61-1066G. 1961).

The theories for hemispherical and circular plate bearings are dis-

cussed briefly, and fundamertal properties are experimentaliy veri-

fied, With respect %y the friction of bearing rotation, stability

of bearing actiicn, and other important cperation properties this 3
bearing is much superior to others, g
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HYDRODYNAMIC AND HYDROSTATIC LUBRICATED BEARINGS WITH PARTICULAR
REFERENGE T0 AIR BEARINGS.-A BIBLIQOGRAPHY. OGeneral Electric Co.

April 23, 1957. Contract AT(11-1)-171, 43 pp.

A search of the unclassified literature and General Electric classi-
fied reports was made with reference to the use of air as the lubri-
cating £luid in hydrostatic and hydrodynamic bearing applications,
Gonclusions and recommendations are included, based on information
obtained from references,

Laub, J.h.
ELASTIC ORIFICES FOR GAS BEARINGS. Trans, ASME (J. Basic Engng.J},
vol, 82 D, no. 4, pp. 980-982, (Tech, Briefs). (December 1i950).

The suthor claims two advantages over conventional fixed-diameter
type orifices: (a) lower fiow requirements and (t) improved stiff-
ness. Test data show these gains with some sacrifice in EFilm thick-
ness. Orifices were made from an elastomer which deformed with
supply pressure so as to reduce flow area,

Lehmann, R.
{ EXPERIENCE WITH AIR BE&RIEGS}. ERTAHRUNGEN MIT LUFTLAGERN,
{in German)  Feingeratetechnik, vol. 9, no. 4, pp. 166-172,
(1960).

This article gives a survey on design, properties and manifold
applicability of air bearings. At the Institut fur Geratebau der
Deutschen Akademie der Wissenschaften, Berlin (Institute of Instru-
ment Construction, German Academy of Sciences, Beriin) studies on
prototypes were conducted by a group and instruments were fitted
with air bearings for practical use and tested,

3
AJR SUPPORTEDL ROTOR. U. S. Patent 2,B89 474, {(to Air-Glide, Inc.).
Applied March &4, 1%57. 1Issued Jume 2, 1955,

This invention pertains to dynamoelectric Jevie’s, particularly to a
dynamoelectric device in which the rotor and the stator are held in
spaced relationship by a load carrying gas £ilm. What is claimed is

a dynamoelectric device comprising a2 rotor element, a statcr element,
one of the elements including a core wound to provide a umagnetic fielgd,
and a sleeve carried by the stator, The sleeve has a smooth cylindri-
cal surface, The rotor includes a shaft having an end formed to trans-
mit force to a work load and also has a smooth cylindrical surface,

The cylindrical surfaces have concentrically disposed portions inter-
mediate with the shaft work end ané the wagnetic field. The surface por-
tions define a pneumodynamic load carrying f£ilm preducing regiova. The
rotor zlement when rotating is totally supported radially by a load

4
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carrying £ilm of air generated in the region by the coaction of
the surfaces, the air in the £ilm being supplied by the atmosphere
ambient to the machine,

Macks, E.F.
DYNAMOELECTRIC DEVICE. U, S. Patent 2,978,960, (to Air-Glide,
Inc.). Applied December 4, 1957, 1Issued March 15, 1960.

This invention relates to small electric motors supported by gas-
lubricated bearings. The journal bearings are of the self-acting
type, The thrust bearirg is essentially a piston in a cylinder
with a small radial clearance and load-carrying action is achieved
by squeezing the trapped gas.

Macks, E.F.
DYNAMOELECTRICG DEVICE WITH FLUID SUPPORTED ROTOR.
U. S. Patent 1,937,294, (to Air-Glide, Inc.),
Applied April 12, 1356. 1Issued May 17, 1960.

This patent is concerned with further variations and details on
gas-lubricated bearings for small electric mctors, one of a series
of such patents by E. F. Macks. ‘

Macks, E.F.
-GAS LUBRICATION OF BEARINGS AT VERY HIGH TEMPERATURE. Tribo-
Netics Labs, First Summary Report for period March 15, 1959
to December 15, 1955. Report WADD-TR~59-783, January 196C.
Contract AF33{616)-5982, AD-237 394,

Studies were made of very higb-temperature gas lubrication of high-
speed bearings. An inert-gas lubricating system, gas-bearing test
rig, and gas bearings were fabricated and tested in static condi-
tions at 80 to 1500°F. The lubricating system consists in supplying
gaseous nitrogern f£rom bottles through a stainiess-ateel network of
valves, flow-meters, pressure regulators, filters, and heaters. The
test rig consists of a gas bearing mounted in a furnsce in cantilever
fashion supported by two bearings outside the furance. An evaluation
of a clearance-eccentricity measurement method indicated that exces-
sively large temperature-correction factors and erratic results
occur at high temperatures, (See also Ref. 280 in previous “iblio-
graphy by Peters and Sciulli. AD-264% 965.)

i
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00-=028 National Bureau of Standards,
ON THE CRYOGENIC ASPECTS OF PROJECT SHERWOGD. Fourth Progress
Report for the period October 1, 1960 to Qeuember 31, 136G,
Rat, Bur, Stand. Rep. 6737, December 31, 1960.

A superconducting Nb scolenoid was constructed with a calculated
maximum magnetic £ield of 10.3 kilogauss at 1.1%K. The develop-
ment of a 100-kilogauss laboratory magnet is described. A detailed
discussion is presentad on the problem of defining the efficiency
of an ideal refrigerator, and a method is outlined for comparing
refrigeration processes, Typical load vs plate separation curves
are presented for gas-lubricated bearings tested in a flat plate
apparatus.

-

00-029 National Research Development yﬁrg
BEARINGS, British Patent 811,4
Issuegd March 16, 18535,

!

his invention concerns a gyroscope which includes a rotor mounted
within 2 gimbal system providing fresdom for rotation about each

of tweo mutually perpendicular axes. The rotor comprises itwo col
centrated masses, mounted at opposite ends of a diameter ?c;hbﬁélCh-

ar to the axle of the roter. The rotor axie is held in one of the
gimbal rings by bearings which permit a limited smount of displiace-
fent of the axle relative t5 the gimbal ring in directiors perpen-
dicular to the rotor axis. Gas bearings may be used for the rotor
axie. The rotor may comprise sheet métal shells defining a hollow
chamber containing fwo dlametrically opposed weights, the shells
being secured to a hollow sleeve which rotates about an axle pin.
Compressed air fiows from the pin through ports and past flow-
directing biades which cause rotation of the rotor. The sir then
forms the bearings at each end of the sleeve,

05530 Fal, Jozsef
3?2&."'“ FOR MOVING PARTS OF MACHINERY ON A SUPPGRT.
. S. Patent Z, 9%Z 3 to "Licencia" Talalmanyokat Ertekesite
¥allalat, Budapest, Hungary})., Applied February 1€, 1935s.
issued June 28, 13485,
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This invention makes it possible to construct a machine tool having
3 ar:, ground or iapped bearing surface

which may be easily shifted on a support the surface of which is also
lane, ground ané lapped, in such a way that the bearing surface is

r ne groove, in which compressed air or another
pressure medium is introduced, so that the major part of the weight

£ the machine is thus compensated and the machine does not stick or
adhere to the support. In Such a way the machine-tool may be moved

C
on a working table or bench or on another support guickly and easily,
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00-031

80-032

00-033

without great effort and in any direction, so that the work piece
may be machined in the desired way. If no pressure medium wcazé
be used, the two ground and lapped surfaces would adhere to one
another so strongly that the machine could not be moved manualiy
and the lapped surfaces would wear very quickly.

Pears, C.D,
THE TRUE STRESS-STIRAIN PROPERTIES OF BRITTLE MATERIALS 1O
5006°F, Southern Research Inst. Third Monthly Report,
Report ORD-381, August 12, 1960.

An investigation of gas bearings is being carried cut in order tc
provides design information. Changes made in the design of an
optical extensometer included a revision of the image analyzer
which will let the servo run the light to zero instead of to a
balance of half-wave pulses of light. An electromechanical drive
system is being superimposed on an existing hydraulic tensile
machine to provide a wide range of Strain rates in the tensile
faciiity, The machine js being modified to accept the mechanical
¢guipment,

Pears, C.D.
THE TRUE STRESS-STRAIN PROPERTIES OF BRITTLE MATERIALS TO
5000°F. Socuthern Research Inst. Fifth Ménthiy Report
Beport ORD=383, October 1#, 1960.

The resSistance-heated check-out furnace was operated at 5500°F and

is ready for use. Preliminary designs of the induction—heated fur-
nace resulted in satisfactory operation to 3500°%F. The gas bearings
were checked out under loads up to 10,000 1t and demonstrated a fric-
tion force of less than 1/2 1b, at 700 1b., load. Grips were pre-
liminarily checked out up to 10,0060 1b., load on metal specimens.
Detailed designs were made of the optical strain analyzer and the
components ordered. The loading system 1o being aligned with all
components now on hand.

Pears, £.0.
T..> TRUE SIRESS~STRAIN PROPERTIES OF BRITILE MATERIALS TO
50009F. Southern Research Inst, Sixth Monthly Report,
Report ORC-384, November 10, 1960,

Additional furnsce work using the 25-kw 1nuuc;10ﬂ power Supply indi-
ck

cated reliable long-time performance at 4500°%F. The detailed chec
out of the prototype, flat, gas bearing was completzd, Bearing
operation was very stable at 0.0005-in. gap. The design of the
spherical bearing was begun., The grips were checked with a single

(L
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develops the complete theory of iubricstion for an incompressible
£iuid. He states the assumptions of the boundary conditions of the
iubricant and develops the Rayvnolds equation from the governing
Navier-Stokes equations stating the necessary assumptions of thin
fiim lubrication, In the derivation of lubrication 2quaticns, he
introduced the coficept of the now famous Reynolds number to explain
why the Inertia terms of the Navier-Stokes equations may be elimi-

nated. A considerabie section of the paper is deveted to the
application of the Reynolds e§=atzon for a number of bearing con
figurations, namely, the f£lat incline¢ slider, and the §artxal, and
full journal bearing. R&ynsius also derived the journal bearing
f£ilm thickness squation and integrated this approximately for the
partial and £411 journal bearing. The approximate solution developed

ir i

by Reypolds is then shown o agree closely with the experimental test
data of Towers, Keynolds also devoites a section of this paper to the
discussion of the viscosity of wvarious Iubricants. He compares the
viscosity of water, olive oil, and air, and presents analytical
expressions to predict the viscosity of these three lubricants over

a range of temperatures. Although Reynolds original derivation
covers only an incompressible fluid, the general eguation for a
coEpressible Fluid may be easily obta neé D} including the gas
egquation of state in the con

05-037 Richards, S.I.
RECORDING MEMBER ASSIMELY FOR COMPUTER OR THE LIKE,
Y, 5. Patent 2,915,358, {to Ferranti Limited).
Applied February Z4, 1938. 1Issued December 1, 1959,

P”

This invention describes an information storage assembiy for z com-
puting machine of the type having a body, a head on the body, a
storage member an3 = means for rotating the storage member with
respect to the body. The storage member overlies the body and in
use Jefines, together with the body, a space that functions as a
fiui¢ bearing as the st e member rotates with respect te the
body. The body is form é with passage means whereby the fluid
space is connectible to an cperating fluid supply. There is an
improvement of safety release means for moving the storage member
with respect to the head on the body between an inoperative and
operative position, the safety release means includes a pressure
receiving vessel connectible with the pressurized fluid supply for
operating the fluid bearing, the movable member being responsive
to the pressure in the 3 essure receiving vessel to move the
storage member to an in rative ;051;10% with respect to the head
when the pressure in the gr sure receiving vessel is below opera-
ing pressure. The movable mem: is *espavsive to the pressure
in the pressure receiving vessel to maintain the storage member in
an operative ?ositian with respect to the head when the pressure in
the pressure receiving vessel is at normal operating pressure, The
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storage member has a3 cub-avay re

between the surface and the head e movable

moves the storage member from an operative position to an inepera-
tive position with respect to the head, The space between the
storage member and the head is greater than the space between th

s ber and the body for al i £ i th

AIR-CYCLE REFRIGERATICON TURBINES. Franklin Institu search

Laboratories, Final Technical Report F-A1994, for the period

October 16, 1955, Mareh 31, 1358. Contract Noa{s) 356-1108-4.

report deals with a study of bearings and bearing lubrication

for contemplated airborne air-cycle refrigeration turbines fo be
used for in-Flight cooling in Navy turbejet engine aircraft, Three
ty¥ypes of bearings to support the high speed rotor of the unit in
guestion were investigated, analyzed, and compared in order to deter=
mine the besti, or optimum, bearing and lubrication system. The types
of Dearings considered were rolling-element with oil lubrication ang
£iuigd=-Film bocarings, borh hydrostatie and hydrodynamie. Both incom-
pressible and compressible fluids were considered in the hydrostatic
and hydrodynamic types. The result of this work was the selsction
of hydrodynamic thrust and journal bearings of special configuration,
which use the ambient air (bleed or coolant) azs the lubricant. It
is believal that this design is optimum, from the standpoint of sim-
plicity, suitability, stabiiity and maintenance.

[}
)
L

o]

(2

el

t

sheinberg, 5.A. “ ‘
iGAS LUBRICAYTION OF SLIDING BEARINGS (THEORY AND CGALCULATIONS) 1.

GAZOVAYA SMAZKA PODSHIDPNIKOV SKOL'ZHENIYA (TEORIYA I RASCHETY,
{in Russian). Trenie Iznos Mash., vol. 8§, pp. 107-20%, (31833).

The equation of spatial fiow of a gas lubricant is derived, on ths
basis of the study of the lubricating characteristics of gases.

The problem of the lubrication of bearings of infinite length (that
is, the plane problem) is solved., The obtained solutions are ex-
tended with the help of certain assumptions to real bearings of
finite length. The met £ calculation of gas lubrication of
bearings is described and its results are verified experimentally.
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Sixsmith, Herbsrt
BEARINGS FOR ROTATI
U. S. Patent 2,884,

NG SHAFTS WHICH ARE LUBRICATED BY GAS.
4 g
Corp.). Applied

282, {(fo National Research Development
March 13, 19556, 1Issued April 28, 1835,

This patent deals with high speed, externally-pressurized journal
bearings having = series of damping chambers located around the
circumfersnce, The entrance to each chamber is through a restric-
tive orifice., The overall effect of this design is to achieve a2
fairly high degree of statility and resistance to ssii-induced

>

whirl at elsvated spesds.

pdn

Skarstrom, C.U.

GAS BEARING, U, S. Patent 2,951,723, {toc U.S. Atomic Energy
Gommissior). 1Issued September &, 1950,

A gas lubricated bearing £
assembly comprises z staticnary <o

¥y
e
V)
Eh
£

£ H
gas passages arranged for ad

=]
provided with cooperating g 4 g £ dmission of
pressurized gas which supports and lubricates a bearing Piock

3

fixed to the rotatable shafr. The resilient means for t

8 43 i
annular oegber support the latter against movément away £ot the

bearing block when theé assembly is in operation, é

Sliney, H.E.
LUBRICATING PROPERTIES OF SOME BONDED FLUORIDE AND OXIDE ODATINGS
FOR TEMPERATIRES T¢ 15009F. RASA TN D-478, Gotober 1950,

=

Tk
coatings were determined. The sxperiments were

air aztmosphere at & siiding v 0 r =minuie and at
temperatures from 73° to 15009F. Several ceramic coatings provided
substantizl reductions in friction cosfficient sndé rider wear {com-
pared with the unlubricated metalis). For examplie, a cobalicus
oxide {CoB} base coating gave friction coefficients of .28 fo §.35
within The temperature range of 75% fo 14009 : seriocus galling and
welding of the metal surfaces were prevented. The friction coeffi-
cients were higher than the arbifrary paxisum {8.2) usually con-
sidered for effective bopundary iubrication. However, when a moder-
ately high friction cosificisnt can be tolerzted, this type of
coating may be a useful antiwear composition. Diffusion-bondad
caleium fiuoride {(Ca¥;} on Haynes Stellite 2! znd on Inconel X

gave friction coefficients of 5.1 to §.Z at 1500%F. Endurance

1ife was dependent on the thermal history of the costing; 1lifs
improved with increased exposure time at slevated temperatures
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Tovior M. U

1ay:ior, MN.x.

COMPUTER DRUM CONSTRUCTION, U. S. Patent 2,929,671,
(to Ferranti, Ltd.). Applied Januacy 19, 1956, Issued
March 22, 1960.

This invention relates to a drum construction for a computer
machine., The storage drum is ¢ylindiical in cross-section and has
side walls that taper outwardly from the lower end. The lower end
is formed with a cylindrical bore that extends longitudinally of the
drum, In use, the cylindrical bore is dropped over a hollow cylin-
der and air under pressiure is admitted to the cylinder, Passage
means are provided in the cylinder walls to permit air to escape
from the interior to the space betwezen the drum aund the exterior
cylinder walls, Escape passage means are provided in the drum to
permit the air to escape from the core at a predetermined rate so
that. in effect, the air forms a bearing for the drum on the
cylinder in vse, The magnetic heads which engage the sides of the
drum engage the tapered exterior wa.ls so that as the drum is with~
drawn from the cylinder the spaciug at the top of the cylinder
between the heads and the cvlinder walls increases whereby thers

is a considsrable amount of side movement permitted in the drum as
it is withdrawn from thz cylinder without affecting the adjustment
of the magnetic computer heads and without damaging the drum sur-
face by reason of contact with the heaas.

U~ited Kingdom Atnmic Energy Authority,
GAS LUBRICATED ZEARINGS. British Patent 305,647,
Applied May 22, 1959, Issued May 10, 1960.

A gas-lubricated bearing assembly comprises a rotatable shaft hav-
ing a sleeve bonded thereto by a rubber-sealing band and a non-
rotating bush secured and sealed to a casing by a ring. A pipe
supplies gas io the bearings via pipes and jets snd a pipe also
suppiies sealing gas to the bearing. The gas pressure in the
bearing is controlled by apertures in the bush., The sleeve is
assembled on the sharft prior to introducing it into the casing,
and it is held by collets. Rubber is then injected into the
passageway to £ill the groove in the shaft, the rubber is cured,
and the collets are removeu., There are also a number of modifi~
cations of the above described assembly.

Vogel, N.A,
AIR HEAD. U. S, Patent 2,886,651. (to International Business
Machines Corp.)., applied &pril 8, 1955. Issued May 12, 1959.

This ipvention relates to magnetic recording neads, particularly to
air-stabilized magnetic recording heads, referred to as simply "air
heads'". 1t is desirable to prevent the magnetic transducer from

18-
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engaging the recording media to thereby prevent unnecessary wear and
also possible damage to the recording media. Alr heads have been
successfully utilized for spacing transducers from the recording sur-
face; however, it will be understood that in most prior air heads
failure of the air supply resulis in engagement of the recording
media by the head and the concomitant 111 effects. It ic one object
of the invention to provide an improved air head having a fail-safe
characteristic whereby the head is moved away from the recording sur-
face upon the failure of the air supply. What is claimed ig an air
head having a first position remote from a recording surfasce and a
second position closely adjiscent to this surface including a face

on the head arranged in opposition to the surface, an orifice in

the face, and means for supplying air to the head for flow through
the orifice. This orifice is arranged to exhaust the air therefrom
at a divergent angle lying between 20° and 40° relative to the face
wherein force develcped due to the air floww pulls the head from the
first positisn to the second position,

ally

i
i

00-0L8 Weir, A., J.L, York and R.B. Morrison.
TWO- AND TEREE-DIMENSIONAL FLOW OF AIR THROUGH SQUARE-EDGED
SONIC ORIFICES, ASME Paper S54-A-112, 17 pages,

(4bstract in Mech, Engng., vol, 77, no. 4,
" p. 3530 {April 1955$§T§

In this investigation, the two-dimensional flow of air through rectan-
gular, and the three~dimensional axigymmetrical flow of air through
circular, square-edged sonic orifices was examined under pressure
ratios ranging from 1,894 to 42,0 (upstream stagnation pressure/down-
stream static pressure}. Mass flow measurements were made using a
primary metering system, rather than another orifice or nozzle, and
optical techniques were used to obtain pictures of the flow upstream,
within the thickness of the orifice plate, and downstream of the
orifice. Evidence is presented in this paper which indic-ies that
square-edged sonic orifices can be treated as sonic nozz:es by utii-
izing the concept that the air "turning the corner™ of the orifice
plate, in effect, makes its own nozzle, It is believed that this
interpretation of experimental observations is in full agreement

sith established principles of aero~ and thermodynamics.

00-049 Whitley, Stanley
GAS BEARING FOR COMPRESSORS IN GAS COOLED REACTORS, Progr, in
Nuclear Energy, ser., IV, vol. 3, pp. 3-28., (1960).

The design of compressors for use in gas-cooled reactors is consider-
ably simplified if gas bearings are used, The results of the research
on gas bearings by UKAEA are summarized. The load capacity and vibra-
tion characteristics of both hydrodynamic and hydrostatic bearings
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uyrad ang, fro e ults, genex asign methods were
developed. The most usefu! machines employ hydrodynamic bearings;
hydroestatic operation is at present limited to starting and stop-

ping periods,

Whitley, Stanley and L.G. Q"“'ms.
THE GAS-LUBRICATED SPIRAL-GROQVE THRUST BEARING, United
Kingdom Atomic Energy Aﬂthority Industrial Jrou?.
Report 28{(RD/CA) 6 February 18, 1959.

An existing hydrodynamic theory of iosad-carrying capacity is de-
velopad and the optimum values of the four important groove vari-
ables are obtained. Three theust plates of outside diameter 3°55,
65 an& $+2 in. respectively, are investigated experimentally, and
the results are compared with the ¥heorg It is shown that the
thecry is basically sound excepting that, for any one hla;,e, there
is a constant error depending on the geometrical configuraticn of
the plate. A theory of distortinn caused by ftemperature graﬁients
set up in the thrust plates is develogped, and the general form of
the theory is checked experimentally. The experiments zalso show
how much of the heat developed by the frictional drag in the gas
film escapes axially *“rOLﬁh the plates. The effect of imposing

a swash on the rotating plate about five times bigger than the
thrust plate gap is measurad at 3000 rev/min. and found to be (
very small, A quantitative couparison is made with a theoretical
valte, and reasonable agreement is obtained.

. Patent 2,683,636,
2, 1%48, 1Issued July 13, 195&.

R BhﬁﬁlﬁG. g, S
Applied Hovember 1

This invention relates to improvements in bearings in“which fhe lub-
rvicating £ilm between the bearing surfaces is a gas, ugually com-
pressed air, More particularly the invention is 39221-;cu113 con-
cerned with parallel surface zir bearings. What is claimed is an
air bearing comprising a pair of parzllel bearing surfsces sepavated
by z continuous 1 ricatzns film of comnfeaseﬁ gas, and means fed
from a compressed gas glg 6&5

foreign inelastic matte
continuous without xibr t

gas flow passage formulat

film and the supply and having a tot
£ilm not greater than 1/1

s
1%
ga

ll'

ng compressed gas free ﬁL
ilm to sustain the £
ng
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Wildmann, M,
CORSIDERATION OF STARTING OF GAS LUBRICATED BEARINGS.
ASME Papev 60-LUB-11, 5 pages, {Abstract in
cn, Engng., vel. 82, no, 12, p. B4,

7E—m—u—_ah2
360) ).

{December 1

5
1]
tn
r¥
[}
Pty
w
m
M;
m
v £
[ d
H
o
€4}
s
o]
m
'..4
o
o
|
'.‘
v 0
4]
et
©
(47
[
[
]
H
.u'
m
£r
[77]

o)
'
ry
rH
m
]
far R U Y

ing o_ oz;-lubr;cateﬁ hearlnﬁs in
‘s ence of a lubricant having bounda-
T T ctional energy generated by the
earing surfaces has therefore to be absorbed by
is metal-to-metal contact genarates wear particles
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LO¥W AND LOADING, Uniteé Hingdom Atomic
ch Group. Report AERE-EM-31,

The radially inward flow between annular viscosity plates is investi-
gated by the methods of lubrication theory. The flow rates and pre-
sure distribution are obfained for isothermal fliow of a gas and for
st incompressible f£luid. The resultant force on the plates due to
the radial flow are worked out for the same two cases, 1If the entry
prassure equals the pressure cutside the plates, the load can be

expressed in a completely nrn—n:mernicna1 form, Invoiving only the
shape factor ¢, and tha pressure ratio s. For an incompressibie
£luid, the load factor ée§zﬁés cnly on the shape factor q.

fwd

867,385, {to Internationa
ied August 8, 1955,

This invention relates to vibrating machines and particularly to a
vibrating machine capable of testing relatively Shall objects for
breakdown at vibrations of extremely high fregquency. An objiect of
the inventiom is toc provide a new and improved air floated support
for a table or platform to render it virtually Erictianiess under
a great variety of load pattarns. Another chiect is 12 provide a
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new and improved air floated support for a table or platform to ren-
der it virtually frictionless under a great variety of patterns.

What is claimed is a vibration testing mecchine comprising a stationary
hase; a tablie mounted on the base adapted for the reception of objects
to be subjected to vibrations; the base having upstanding columns on
opposite sides and the columns having parallel longitudinally extend-
ing slots depressed outwardly into respectively inwardly facing sides
of the columns; the slots having a portion lying above z horizontal
plane and a porticn lying below a horizontal plane; the table having
outwardly extending edges fitting into the sliots with a clearance of
substantially a few thousandths of an inch; air passages in the
columns, the passages having branches opening directly into upper and
lower portions of the slots; a source of high pressure air communica-
ting with the passages to provide an air f£lpat for the table; and
vibration-producing media in spaced relationship with the table
adapted to vibrate the table in z horizontal plane.

Zaig, M., angd I.5. Tolins.
THE MEASUREMENT OF VERY LOW FRICTIONAL TORQUES IN ROTATING
EQUIPMENT. Trans. ASME {(J. Engng. Industry), vol. 8Z B,
uo. 4, pp. 382-386., (November 1960).

The frictional torque in Such devices as air bearings is measured and
zesolved intc coulomb and viscous friction components by analysis of
the observed deceleration duriug free rotation. Two methods of
analysis are given, Both are based on the differential eguation of
motion of the rotating system and give results that are in satisfac-
tory mutual agreement. In the first method an integratioen is ob-
tained from which a phase plane diagraw is derived in which the
friction components are read off as slopes and intercepts, To

carry out the anzlysis measurements of angular displacement, time
and velocity are required. The second method proceeds from a dif-
ferent integration of the equation of motion, is more complex, but
reguires measurements of only angular displacement and velocity.

It is believed that the general applicability of these methods will
mzke them of interest to many workers in the fields of Eriction and
lubrication,
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orifices drilled in equispaced circumfercrilal grooves. The load
capacity of the thrust plates agrees with that calculated but the
vibrations are greater than predicted, The load capscity of
journal bearings is zbout half that calculated assuming axial fiow
conditions in the bearing, but circumferential £low can account for
the difference. OSynchrono ¢ half-speed vibrations of a shaft

r
rotating within these bear
with those calculated o
linear springs.,

ngs have been measured and found to sgree
hat the gas films behave as

-

61-004 Anonymous.
>AS LUBRICATED BEARINGS. Engng. HMats. and Design, vol. &,
no. 7, p. 425, {July 1561).

o c
presents a problem which cannot be solved w b cc:nlete satisfaction
if oil lubricated bearings are to be used. Iher are twe particular
difficulties, The greater ons is that there must be no risk of oil
entering the gas circuit; if it were to do so, it would be irradiated
and might interfere with the cperation of the reactor. Further, any
rotating shaft passing through the wall of the gas circuit must be
sealed very effectively against leakage of the gas, Shaft sealing is
a complexity which is desirable to aveid. If gas lubricated bearings
are used, instead of oil lubricated, the problem may be solved by
putting the motor and the bearings within the gas systexm. The bear-
ings are thenr lubricated by the gas, and no rotating shaft has to
pass through the wall of the pressure system., The advantages which
make this design attractive in nuclear engineering apply alsc to
other gas ﬁzrcults, so gas lubricated bearings should soon be making
their appearance in varicus other types of industrial plants., The
advantages are summarized, Hssearch work is continuing on the de-
velopment of bearings capable ¢f s5till higher loads, and on the solu-
tion of the various problems which appear s gas bearings are applied
to special industrial projects.

§1-865 Ausman, J.S.
APPROXIMATE ANALYTITAL SOLUTION FOR SELF-aCTING GAS LUBRICATIOR
QF STEPPED SECTOR THRUST BEARINGS. ASLE Trans,, vol. &, no. 2,
pp. 30&-13. Rovember 1961},
Certain approximations are made which permit lipearization of the
pressura {Reynolds') equation for compressible lubrication as well
as separation of variables, A ssries solution to the resulting
pproximate egquation is then developed to obtain sstimates of the
pressure and load for seli-acting, stepped, sector thrust bearings.
Numerical solutions are presented showing the agtimum number of sec-
tors, the optimum step location, and the optimum depth of the step
to achieve maxiwmum load carrying capacicy. A design chart permits
rapid estimation of the losad-dzflection characteristics for optimized
stepped sector thrust bearings covering a wide tange of nominal
operating conditions.
2l
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Barker, Allan —uﬂ Johnr 4ishton.
IMPROVEMENTS IN OR RELATING 10 GAS BEARING SYSTEMS
Patent 876,136, {(to United Kingdom Atomic E
Issued August 30, 19561,

ﬂ\)

A hydrodvnamic gas-beariug system is designad with rec
movement for a compressor. The system comprises two be
one of which is a sleeve enciosed in a sleeve and the

=
doubie-ended piston reciprocated in the sleeve by pres
one end while the o;her end pumps a contaminated gas,
also rotated by a rotating magnetic field, thereby sup
sustained movement OE a rzc1procating movement.

Bznnett, EC.
GAS LUBRITCATED BEARIRG

Genargl Elesctz C
z

: IN A NUCLEAR APPLICAT’”V
port H¥-Sa-2143, March 3

C‘.-*-
-

The development and operational history of gas circulsa
reactor gas—cooled loops which use the loop gas as the
are dascribed, Circulators incorporating hydrostatic

thrust bearings were runm in the DR-1 loop with He or N
gf 9533 hr., Only minor difficulties were encountered,

Bosco, A,, E.S. Cain and G.L, Green.

iprocating
bearing members
other is a
surized gas at
The piston is
erimposing a

EXPLORATION OF BEARING LUBRICATION USING WORKIXG FLUID VAPORS.

The Garrett ch-. Repert for the period July 15 to December 1,

1961, Report 523%-R, December 1961. AF contract $¥33(uié}-

8032,
The principal objective of this program is to investigate the lubric
ting characteristics of potassium and rubidium vapors in self-pressu
ized and externally pressurized thrust bearings at conditions repre-
sentative of advanced system requirements, Thrust bearing analyses
were made to determine test rig regquirements of fiow, pressure, and
general test bearing requirements, The test rig and loop laycoui and
detail drawings have been completed, and the fabrication is approxi-
mately 50% completed., The thrust bearing analysis ané design for
the test bearings are compiete, and the first test besring parts
have been fabricated For both types of bearings. Special test in-
strumentation designs have been madz and feasibility checks con-
ducted,

-35-
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61-009

"

e

California Institute of Technology.
RESEARCH SUMMARY NO, 36-1{, VOLIBME 1 FOR THE PERIOD JURE 1, 1951
TO AUGUST %, 1581 (ON SPACE RELATED RESEARCH)., Report NP-10832,
September 1961. Contract BASw-5.

The development and testin

ing of a capillary gas-pumping system for gas
bearing instruments are dis

iscussed.,

Carothars, P.E.
AN EXPERIMENTAL INVESTIGATION OF TdE PRESSURE DISTRIBUTION OF
AIR IN RADIAL FLOW IN THIN FIIMS BEIWEEN PARALLEL PLATES,
U. S. Naval Postgraduate Schcol Thesis, 1961, &9 pp.

An experimental investigation of the pressure distribution of air in
radial flow between parzllel plates was conducted, Data were
cocllected on the pressure distridbution, mass rate of flow of air and
£ilm thickness, Variations were made in the lcad applied to the
upper plate, stagnation pressure at the air supply hole, and the
upper plate geometry. Two upper platec having the same sutsige
diameters but different supplv hole diameters were employ
fiow regimes were defined, that where the fiow of air is

the supply hole to the outer edge of the upper plate and that where

the inertia forces predominate and the flow becomes supersonic near -
the air supply hole, In this latter regime, it was found that the
mass fiow can be predicted by the theoretical choked flow through
the cyiindrical arsza definmed by the film thickness and the diameter
of the air supply hole,

=%

Coffey, T.C., C.H.T. Pan, K.¥, Jenkins andé Benc Sterniicht.
DIFFERENTIAT ANALYZER STUDIES OF DYNAMIC BEMAVIOGR OF Gas
UBRICGATED RIGID VERTICAL ROTORS. General Elsgetric G
s

Report K62-13188, Ociober 1961. Contracsi Nonr-3844{03).

the motion of a2 vertical rotor with prescribed initial conditions
uging £luid f£ilm forces that are based o the steady wairl analvsis
is studied. Specific objectives are three-fold; ro check the calcu-
iated motion of the rotor against experimental evidence in order to
verify the validity of the hypothesis which was employed to calculate
the f£iuicd film forces; to examine the stability of the synchronous
whirl motion; and to determine the effect of damping and coupling
terms on the stability of synchromous whirl, The dynamical squations
of the rotor are integrated on the PACE differen "ial snalyzer. The
study revealed that the differential analyzer provides z useiul tool
for studying the cynamic response of rotors, and that it is especially
aseful when the governing equations are nonlinear., The principal
advantage of the differentizl analyzer is its ability to rapidly scan
a multitude of variables for regioms of spscific interest., The half
fraquency whirl motion of a bzlanced vertical rotor was simulated,
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by the revolving rotors. Interrnsl pressure distributions, load
capacities, rotor displacements. bearing spring constant, inversion
point, internal hemperature, rotor vibrations, and internal air flow
were investigated for three configurations studied. A brief theo-
retical analysis of the 2~wedge air bearipg is given. It is thought
that when the Z-wedge air bearing theory has been refined and veri-
fied, only minor modifications will be needed to apply this analysis
to the 3-wedge bzaring. Analyrical study of air thrust bearings and
the influence of an electromagnetic field on the performance of air
bearings are areas suggested for future investigation,

Gobert, Gerald
[BEARINGS FOR HIGH SPEED ROTORS]. PALIERS POUR ROTORS TCURNANT
A GRANDE VITESSE. (in French), J. Phys. Rad., Phys. Appl.,
vol. 22, nc. 2, pp. 39A-42A, (February 1951).

The results are given of various experimentis which have nade possi-
ble the design of bearings such that the reiative tangential
velocity between static and dynamic parts i~ greater than 30 m/s
for angular speeds greater thsn 3,00 r.p.s.

Goetz, Alexander
GAS SUPPORTED BEARING. Y., S. Patent 3 012,827, to California
Institute Research Foundation). Applied January 6, 1959,
Issued December 12, 1961.

This invention describes a gas bearing comprising a shaft, a rolling
element bearing haviug imner and oazar races with rotating elements
betweern, a journal poriion carried by the outer race of the bearing
and a bearing element surrounding the journal portion. The journal
poi'tion and bearing element define confronting but spaced cylindrical
surfaces. There is a means for mcunting the bearing elament for
limited sadial displacement to facilitate positioning of the bearing
elemert in concentric relation with journmal portion. It also provides
for a viscous dampening mediun for the besaring element,

Green, G,L., A. Bosco, E.5. Cain and E.L. Kumm.
MINIATURE AIR~BEARING SUPPORTED, AIR~TURBINE-DRIVEN DENTAL
HANDPIECE. USAF Aerospace Medical Center, School of Aerospace
Medicine. Report 61-90, December 1961.

The design, fabrication, and operation of a dental handpiece employ-
ing air-bearings and having a cutting capacity and speed range com-~
patible with commercial handpieces are discussed., A design was first
conceived, test parts constructed, and tests run to determine the
operating characteristics of the test parts. The principal source of X

w30
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trouble in the tests parts was the flaking off of the
carbide from the high-speed rotor, In later tests solid
carbide was incorporated into the instrument instead of the
previously used. Results of these tests led tc the design an
fabrication of a prototype handpiece that was operated s

Need fer improvement was noted in some areas arnd remedie
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Laub, J.H. and H.D. McGinness.
RECIRCULATION OF A TWO-PHASE FLUID BY THERMAL AND CAPILLARY
PUMPIRG. Jet Propulsion Laboratory, Report TR 32-1
December 8, 1961. Contract NASW-6, AD-288 4§92,

N

A closed~cycle gas-supply system for gas bearings and gas-flozted
devices is described which eliminate mechanical pumps or compressors
and uses instead thermal and capiilary aumping actisn, A halx
quantity of a two-phase fluid of suitable thermodynamic cha Tact
tics, such as Freon, is recirculated in z ¢ .osed system. The
is thermally vapori zed in an evaporator, and the superheated vapor,
after passing through the gas bearing, is condensed and returned to
the evaporator by capillary action. The system is of special inter-
est to space applications because it can operate in a zero-g environ-
went from solar or nuclear power sources without conversion to siec-
trical energy.

Levene, M L,
AIR LUBRICATION, A DEVELOPMENT TOOL. Mech. Engng., vol., 83,
no. 12, pp. 53-55. (December 1961). (Condensed from Paper 61-
Lubs-~12 presented at the ASME Lubrication Symposium, Miami, Fla.,
May 8-9, 1961).

Gas bearings, with their great convenience and accuracy, can make
possible the economical tryout of a new device, leading to an informed
decision on further development. The self-centering properties of the
externally pressurized bearing have proved very valuable as has the
uniformity of the rotating friction torque. Devices which make use »of
air as a lubricant profit from its relatively low viscosity which
varies little with temperature., The resulting ~onstant Frlctwon tc. jue
is sought in many forms of tape-drive mecnanisms as well as in gyros
and in memory drums

Litton Systems, Inc,
PRODUCT ’ﬁPPOVEHEVT PROGRAM FOR THE DEVELOPMENT AND FABRICATL
OF A GAS LUBRICATED SPIN BEARING GYRO. Quarterly Engineering
Report 3, for the period June 15 - September 15, 1961.
September 15, 1961. Contract NOw 61-0280-c. AD-269-243L,

The gas lubricated spin bearing gyro, éesignaxeu as the G-200G, is =z
modification of the existing gyro G-200, currently in production and

- % mreayrrs A —————— ) ———————
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1 programg as 3 part of the P200 Imertial
§ described in a product improvement program
a

o o o

atform. GETe583 is descrl i
o increase the performance capapilities and operating parameters
of the existing gyro.

Loch, Erwin
SUPPLYING SUPPORTING GAS T0 A GAS PRESEURE
Patent 3,013,845, ({tc Escher Wyss Aktienge
Appiied June 8, 1960. Issued Dzcember 19,
Swiktzerland June 26, 1959,

BREARING, U,
llschaft).
61. Applied

i

This invention descrides a gas pressure bearing surface having a
bearing member snd s supperted member movable in relation to the
bearing member along adjacent surfaces leaving a gap betwzen one
another, and at least one restrict=d passage for the supply of the
pressure gzs tc the gap. This restricted passage is formed as a
Laval nozzle. The Laval nozzie eiiminates certain disadvantages,
With suopply nozzles herstofore, it was a disadvantage that for a
given inlet pressure, the flow gquantitatively feil cff compara-
tively rapidly when the back pressure rose above the critical
pressure, at which the velocity in the nozzle 1is that of sound.

McGinness, H.D. E -
CBARAQTQQIbTICQ OF A GAS-SUPPORTED SPINNING SPFHERE. Je -

Propulusion Laboratory. Section Report 345-1, May 17, 1961,

Rl

w o

A sphere which is supported by a finite number of small gas bearing
pads may serve as a reaction sphere for attitude control, a spherical
gyro, or a near~-frictionless pivot., Among the important characteris-
tics of such a device "are the following: (1) Bearing stiffness as a
function of displacement from the concert*ié position; (2} Gas-flow
iired to maintain a given angular velocity; and
here due to angular velocity. This analysis
s : (1) "he pienum pressures for
es are identical; (3)
(4) The gap at
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McKenna, R.D.
GAS LUBRICATED BEARIRGS FOR ADVANCED SYSTEMS E
EQUIPMENT. Chryslier C s
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under the fcllowing conditions: temperaturs range of =§20F to

1000°F, nuclear radiation, and 25-1b. thrust load. The geometry of

a bearing that would meet the high temperature requirements is given.
i n

F o]
(o]
o
U
O

Fabrication techniques, marerials, processes, test condit d
procedures, results, and design procedures are discussed, A reliable
electrolytic ercsicn method that overcomes previous machiring pro
biems was developed, This method worked on both porous bronze and
stainless steel. 7To eliminate the seal problem in the temperature
range a new micro brazing method was used to Join the porous inserts
to the bearing housing. All bearings were made from stainless steel.
Ambient-load tests, high temperature tests, and ambient-pressure flow
tests were carried out. Radial bearing paramatlr effects, porous

thrust bearing parameter effects, and solid thrust bearing parameter
effects are analyzed and these results form the basis for the Jesign
of radial bearings, thrust bearing -~ porous face, and thrust bearings -
solid face. Tables are included to show that for a given constant load
condition of a bearing, the supporting pressure increases and mass flow

decreases as bearing temperature is increased,

61~030 Marcus, R.H., J.P. Capellupg and A.¥. Lindber
RESEARCH OX A DUAL FREE-RQTGR DIRECTION-S
Universal Match Corporation. Technical Re
December 1261, AF contract AF 33(615)-6Z
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A preliminary feasibility study of a two-rocor gyroscope was extended
to the analysis and design of a dual free-rotor gas supported gyro
model. The analysis consisted primarily of determining static pres-
sure and flow and dynamic stability characteristics for both of the
externally pressurized stepped spherical gas bearings that support the
two spherical rotors. Deformation in the spinning rotors was caleuylated
and a method was developed to compensate for the deformed shapes. A
description of the complete design for a reoscarch model of the dual gdas
bearing configuration is presented, aloeng with a description of its
operation and instrumentaticn, which is capable of accurately measuring
the angular drift of the inner rotor spir axis, The grimary purpose of
this model is to provide drift measurements that will demonstrate ex-
perimentally the theoretically established feasibility of the dual free-~
rotor gas bearing as a precision direction-sensing device. The feasi
bility of a self-pumping spherical gas bearing was investigated for
the purpose of appliving that principle to the outer bearing so that it
could pressurize the inner bearing. The complexity of the problems
nvolved in applying tkis principlie to the dual rotor wmodel made it
necessary to omit this feature at this stage. The feasibility of the
principle was, however, established, and the results were sufficlently
encouraging to indicate the desirability of further study
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GAS LUBRICATION OF BEARIEGS AT
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GAS BEAZINGS AND Sulze

ceramic bearing
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a significant influence in reducing any bending of tne ,,LLLmed‘
Graphite appeared to be significantly stronger and more 4t
than previously reported, Even strain cracks were ob
some spacimens, The tubular furnace was enlarged sii
performance proved up to 4500°F., No difficulty was an
to 5200°% since the previous design was satisfactory
temperature, The gas bearings were mourted in the
The coefficient of friction acting through the baar
specimens was less than 53 x 10-7, The resulting be
distorticn in the specimen was less than 0.2 psi.
medifications were madez in the precision grips. Al
work on the lcad frame was completad.

Pears, C.D.
THE TRUE STRESS-STRAIN PROPERTIES OF BRITTLE MATERIALS 1O
5000°F, Souttern Research Inst. Eleventh Monthly Report
Report ORO-38Y, April 10, 1961

The preliiminary design of the induction heated furnace was gperated
¥ g

to 57J0°%F. Performance was satisfactory. The gas bearings were re-
installed and preliminary runs made on a dummy and ome graphite
specimen. Another variation in grip design was developed to permit
the evaluation of the dumb-bell type specimen using conical grips.
Preliminary check out of the strain analyvzer indicat eé that focus
will be no problem over an interval of at least 1/8 in, The sensi-

tivity of the analyzer appeared to be adequate uszn= a hot filzment
to simulate the f£lag signpal.

Peters, Alec and E,B, Sciulli,
A BIBLIOGRAPHY (WITH ABSIRACT

S) OXK GAS-LUBRICATED BEARINGS -
REVISED, Franklin Institute Lzboratoeries for Research and
Development. Interim Report I-AZ04%-18, QOctober 15, 1961,

AD 264,965,

Navy-DOD-AEC-NASA-MaritAdmin-supported compilation of 464 references
on air-lubricated bearings. Inciud ject index, wvearly

index, corporate name index, and a

Pinkus, QOscar ané Beno Sternlicht,
THEQRY OF HYDRODYNAMIC LUBRICATION. MoGraw Hill Beok Go
Xew York. 1961.

This book is a synthesis of the princ
far in the field of the theory of &yi

authors® care te cover as completely a
problem is to be noticed from the beg
eneral considerations {(lubrication equa
lems such as the fiow between two plate
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3,000 rpm for extended periods o . is air
bearing shafts may be rotated st ultra high-speed without binding or
seizing, The bearing is efficient ir operation, of simple construc-
tion, is long-lived, and is inexpensive to manufacture and msintain.
The bearing housing comprises a2 base section which is mounted in fixed
position, and 2 cowplementary cap section which is mounted on the base
section for vertical and transverse fligating movement, but not longi-
tudinal movement, with respect thereto. The two sections are provided
with opposed similar semicircular beariag surfaces in whieh the cylin-
drieal bearing surface of the spindle is held.

Sipenkov, I.E,

[CN THE AUTO-ROTATION OF AIR REARINGS]. OB AVIORGTAISII

VOZDUSHNYRHE PODVESOV, {in Russian). Trudy Leningr. Politekh.

In-ta,, no. 217, pp. 180-155, (1981},
As is shown in the practical use of air bearings, there is cbserved
the self-grbitrary rotation of the journzl of the floating element
of the bearing about ifs axis. In the articie it is supposed that
the reason that this phenomenon {eslled auto-rotation) arises is the
displacement of the journal with respact to the bearing vnder the
action of the loads applied to it. A:xthor introduces the concept of
auto-rotation as the total moment of the frictiomal forces with
respect to the axis of rotation of the journal, due to air lubrica-
tion, Differential egquations zre set up for the motion of a journal
in a spherical bearing, with angle of opening 90°, and the cases of
compressible andé incompressible gas lubrication are investigated.
From the formulas obtained i* is possible o conclude that the
effect of the compressibility of the gas on the value of the coeffi-
cient of auto-rotation of a sphere for small angles of spening of
the housing of the capsule is negligible, vwhich considerably simpli-
fies the caicularion.

An experimental investigation was made of the static Ioad bearing
characteristic of circular pressurized thrust bearings for bearing
diameters between $.375 and 3.375 inches and recess dizmefers be-
tween 25 and 250 1b/sq. in. were used with f£ilm thickness from
zerg to ¢.006 inches. The results are presented in the form of
lgad-vs~-film thickness curves and no theoretical results are dis-
cussed,




- "y
WOk G0 o |
) G Qo &. A
. - L B [ Lo ...._.._. ..Mw .n.__u +» % i .mw il
n “Bo kogpd YR ¥ PRI I - I I
, k .. ' , : ”
L ¥y nES g AR aaed - %m.w%mm: wow ow
e < o + HEWP R, g P VIR SN
g ' kx eEHNYn L EH,R0 " me W opo oo we O
N 85 215 ah T BEE9 D e BER b D AH e0 ek
* o n i [ e . el w " m R [ e U M
ng EE sla gogactgeoad Wy prafiaBEts
3 sl ! . ¥ ", $od .—“.. I o P wed 4 { bl e
el [FRE Y AW [+ AR I " ' px " 6o n oo
“IR: 3 I O ol By mel KL b TPy, W po My LA Prob "
Ss 82 Gl 8T aAYEEThuEaZ 5 L omEsgHgdy
(R oS el g ) O ] R QR O M«T ! WA o ' hd
- o et i B S Sl wo D b WD R B D mm @
¢ ES By GESEZLLf.HEEE  BE LEEC 24843
B o i1y D @ g U h g w0
Y ed b5 [V 1T 'S B R - [ S TR M Y T I W o IS tud E 0 & ¢
ﬁ - ot N ) i (VIR L I m ol ..._"m vl K gl _“._ [£4] r & ﬂ..”_. .m._ "h.“w“ ﬁ
[ ﬂ.“ = & i v o Mc_ ey ‘ﬁ b O .w ¥ ....& ..mw ol ok P £ 4 | ' E o
& . 8 e med el o8 iunaw SRR Rt W ;“
% o 8 o AR o AT e MY EdEw ” o P8 R
wl T8 A /NI o x 0y N i " ”
E " o A I B R I - B de VA B8 »
. %)t o b Q b e 00 H o e w Bl
oo o ol [ I N S A P R B @
m o L8 @ WL HRee Ly B OS Y E® AU ol
" ;— | 8 -. LI ] i \ | o A 9
o Mm, W o m.,_ U] ™ oed 0 end B8R B " ._..h " . ,m,w ﬁ “,m.,_ - o go M.__
5 i & % gumad YR AE N 4 i @' § b v
P m Ty VA © £ A ok u N aw.._ . ST “ el b
M d ol Aw_ W . P bl (Y _... Ky ¥ N L o . 1] n o L
v " & R VI e I TR ) 1N W e Y WA o M“ =
Ly £ B W et E I S T+ VR A L CRE S .ﬁ.. ¥ 4 wl B2 00 P
@B 8 gt T - LA B3+ S < PR B . mE X o
- o1 0od g g £ ad Wk 0B W WO n L PR A @ B 0
wtt ) i o o Q., @ 0o Y o fod wh by b ol
a...“ [+ L [\}) B 8 ER I L o B Y R PN . L] " bl o ' Gt bi U ad o 0
. t, _._...n @ an Stnwk.“ a.aﬁ.ﬁ .m" Dk.m w‘ﬁé I R m.m__.._w_
W S " - " ‘g y
fgs S3%  o¥e g% mpedRal @ gE ,A0 888
w3 e L% » ' N ! ) ol L [ ] Fotn d
30 g el g e W D e e o B . _ ¢
228 B8F  Eon gul WRauhaggil SR 2 M LT
(3 b ot "o o : ; ' 3 A o b b NI N 3 . ;
Q¥ ng ol I8 o e o AN I e TR -} v ey e
g R b i e B e e 8 ema > D @ W 08 wHdJ
@ G B et O 3 g g, Wl Bad e (1 D e O I
M RN o BeR iwmm.}m .m.m“%_&...ufﬂaeca. 5 2™ . B g ?
| s0s faep T4l BRERRER A Ss8f g SEUSBE5E.
iy e, 0 - = b w O A W e oY L ) nl oo Ha 5
i L2 g B WL W N e i S DR by e o Gpd Gl G oW [T
') B w @0 Cwa ot Qo m.._m“u.ﬂre W :wa & omh b
....-n\uw”._uu (4] ol .a?.. ) .npd.l.ﬁ%u}.a 8RR E N ..vhm_... oo o ......_cmvo
mmmmw.r.m es..wm_ o B &l m.mw%ﬂ.ﬁ&afsﬁé o B E E.ﬁ.e %.mf.mmf
3 i [ = ’
; Y dEEERERE aefd 2 sfBafhaai
ﬁ m.mc P ﬁv?g..cc.“u_cs.ztta.s Fer 0 B
@
Ly .
”,% wf o
i e "
. ..u,. A Pt}




n

¢
o S
) B ' |
v | W 0 o I T o ] ]
mx. |3 "o b K b " o} wh o bd el i oow W L
¥ oW a wd W el kB v E VIR Y - mw Mo wd apd ’ rd wh
() PRI | oed MO b ) e ﬁ & N3 A ol oy whia i) LAY w
gl T RL 0o I aWow o T R Y T o vl T el e
L v vt W oad B e O .m 20w b el o oo W
o ot N W 0 R #._s ] m;_,._ e b By _"m m_ [TV R RS ‘o wl 0 o
¥ U2 I S U - - VR bty o] . AT I I S T Y XY W ol bt b o
L PR T - B o m Q) Do 0o .g W " momom o
pd B o bk ey o gl 0y 2V g et e ped B3 RN M W I D et ) [ n W 1y L
K v b B EREs"N W b B o 'y D W " _____ w B & T T "
W Pw i L I - . i . ¥ & o ! 1y
1] ol w m a4 et _w(m_ =l ud 0 b aw o T I B B i a 0ophu i w
[ 1 o A 0 4 B W el B opE R0 EE eI L YO T R ’ X < I )]
. % oo b SRR I e B R TR I 0 oA e G
ot g3 Wt D b ey d ebed i " b t3 W ey el worl KN % i o { i o
-y wd U e B ME U B oo B M e W o DO U b
i U Gk v oo v L - L O I SR O 1 T T I VIt " LI - I
Weoo» G R R R = Woah o el Mo g O ™ @ W
™ B B B od O QW ORO W T T R A B - R ol Wi
Yol T 4 o PR I I ) et Yo i " [ ) -
Py ¢ o bt g ek ek a4 Ix] - m ok O L I I ’ N R
ol LI I - T o B < B R VIR I [ AN LY LT L T VI B I T V) ol FU R I R
E (] R el U0 4 vl L3 P X 00 s <] La W OB &8 vl Bonl o) o Y
REMWE  me T oa g o ol om KD 00 F el wow b gw. i (A W W oo [
Yy om PR RRTL I VR VR - < mw ] ol €] b mm b [F I ) e o i
L n Moot i oA -l el Cl) [t TR A B - LT 7
o " W L) o £ w m_ k) Mo oW [ «l e L B TR I
o Bt T I I VIR T R R T R v ok g.m m By Qi Wb [N B T AT I " Mow ol _m
£y . Mo 1Y ) 14 m @ o ¢ oo el ) e b b b el bl L wlil » T I R
gl o « T ] W og) e u. K] b wm I I T I - W T L ok L, LU v I < I
o) S TR T I T - B ol G el g b el Moo W oo ] I - BT R ™
. € S ot [ T . Y [P Wy W b " S o oo £ b e 4 wl Bnyoad @
o WOE G W s P e N - R I T AR A B R A et Ly I I Y
m.m* - 0 [ [ oY (I v B R WO o RV Y | b B Y] (] w. [/ I B T I T - B (AR I vy Sl ol [\
b I ol thd W I - B VY W & B Ak & B L W e o el b Bl iy oW W bt 1
whosn COU L TR o s I T+ G b zm » [ I T < R« PLTL R I ] nn oy bt , S wd el 03,00 ) ™
bef 0 oWy vl T - ) ™ b "w. I AT T T I VIS B T W ) *ul 2
s el ) e 4) N TR 3 By €N W T %y m_ A bd B3 LM G o b o) fesi W 0 LI
i @0 b o g oda e e o R N O < e VAP (O o, 0w
fad o W oeed bl Gl QK W ) o ORI VR W I . 8 ) I " IR T
Mo B T e D A) ) b el DD D A a " ' w . B ¢ <
t & sed 1) bl v O IS R 1 ] w) L (I e e v 0 g ki
o e IR ) T G B <1V Y VI I I 6 bl €N mt a‘ﬁeacisitsc:ﬂ m o W
pov I (WY S e S B T ) " § 8 e bt b b bt RO
ot PO - I PR rttwss O o o g ot WB WK b A e ot L W
5 n A B w6 ") et (24 B oW N u ok w0y i oW oW
fag @ LA 4 el ) K w4 {4 (a9 W Y R T VI VI I 4+ B oy W oo
ol ) ! v ok D o ) v I T« | I I a oW kd e Wb @
A« B TR S Y R T R o ow 6 « w oo bt B dw a8l 000 el wd bi b
e vl b [} W sel wi @ B el O ) .% L e m w01 B W R el wht LU VRS I B ]
mu T L RO IR B S O . G P U B B VI ot dc.,.wt_...t._ifawe. " » G.ﬁ_..wws_c
PR ) [ B B I T oW w ‘,_.“ » u o wh g} m L [e" [ I T e o [ _ww 1
g v b.fah?w WO A W L D by 0 O 0L N " ¢ ARy &) N v L
bl €O W fo WD Y ot b ol Q) +wm G op ok FE ol P W o fu da
I ] RN VR Y " i el B ) o ¢ W B bl A, el )
St bl b 0w £ wl o) et i W 9] I B T R~ S IV I I B 8 b o ;.m by [« PR
Qoed W el BD o 4l ko e @A Ao u WO GG et med g sl en oW o
0 I T sn.m«a aianmse ol 14 ﬁtwu k) oed vl vl LW Mm. Y bed P (A oW
4 5 e wi 08 PR o Jie B T VIR I B 5 |2 I ,ﬁ@ W Xl Bd 1 b bt Y el LY m e 4 AR <)
o g o (] R I e w0 “ i3 e bl ummcaaei?%rf ol wl MDD
£ wd by & 6 b Eo m_ TRV ] bt 5 o - B b .x e B 0 M L3 D, b 4[5 OMD 4
IR ot o Bb o w et @l @ a oo P Dot g oA B oW (AR W 2N ,w wd 3 e
T I I L ) (s n W h¥S B ML ] NN e 0o 7] Wodaonop
mia.@..mﬂﬁ PEE . “a e‘w&ame.‘m&ﬁhsrﬁw?m & 2w by
* J [ I A ] K 4 . vy o 4 At ] )
SHRIG e a8RREEY o mmitc?mmt:,.wé?aftt - L
nuu o
W T
[ o
| A




ki - ;

: S
_m, B n n_._ " " H.", u.nm “w
WA el .a o .ﬂ m.m. :
HO by

et vl Q) R

q.m_. "

2

L/
Moeed aed
%}

ol

O
W @ a
a8k B AR T




feed line is recuced to the fact that the derivative of the zquare
of the dimensionleoss pressure with réspect to the axial coordinate
of the bearing is given by a function of a dimensionless quantity
propor:ional to the dimensionless thickness I the air layer. The
graph of this function is given, By this relationship the author
propnses fto replace the nonlinear boundary condition along the
pressure—-ieed line “u the case when the cylinders are placed eccen-
trically, while the values of the function of the thickness of the
layer (variable in this case) must be taken from the graph, or this
graph must be apprcximated by a polynomial. In order to check the
method the probiem of the distribution of pressure in an air-bearing
«with maxiaum eccentricity is considered, i.e, wher the cylinders are
in contact, Moreover, it is assumed that the thickness of the lubri-
cant laver is proportional to the distance along the circumference
to the line of contact raised to the power of 1/3, which permits the
problem to be reduced by Fourier's method to the solution of a Bessel
equation, The coefficients of the infinite series which represents
the square of the dimensionless pressure are found when the exact
boundary condition on the pressure-feed line and the app-oximate one
deseribed above are satisfied. The agreement of the results is com-~
pletely satisfactory., There are some misprints.

wly 2
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Adams, C.R,

NEW CORCEPTS IN DE3IGHR OF BiGH CAPACITY GAS STEP BRAKI]
Mach, Design, vol., 3%, no +, pp. 115-21, (March 1,

Hydrostatic ga s bearings depend on gas pumped iIn unde
form a £ilm lubricant that supports the shaft, Conve
gas is supsiicé through fixed multiple orifices and a
escape through the clearance between the bearing and
multiple~orifice bearings have certain disadvantages
clogging, rubbing, difficult production, and problems
the journal when stationmary. To overcome these disad
step bearing was developed. 1In this type of bearing,
are machined at both ends of tha Journal or housing.
annular groove in the housing acts as a manifold to sup
pletely arcund the clearance between the housing and jo
steps have a twofold purpose; they allow spsce for air
T

shaft when it is stationary or about to start up, and

hey restrict
air f£low through the bearing to produce a pressure buildup. Now, a
modified step bearing-~the center step bearing--has been developed.
It offers improved radial load capasity and bearing stability. This
article discusses the design parameters of this type of bearing as

=

compared with other step bearings.

ishaev, M.G.

LOKSIQL&I\b THE EFFECT OF HEAT EXCHANGE IN THE THEORY OF GAS
LUBRLCATIOR]. wouB UCHETE VLIYANIYA TEPLOOBMEMA V TEORII GAZOVOI
SMAZKI, (1n Ruseian). Izv. Akad. Nauk SSSR, Otd. Tekh. Nauk,
Mekb. I Mashinostr,, no. &, pp. Z7-31. (Ju lv/AugLst 1962},

A mathematical anaiysis is made of the heat balance effects for
infinitely long cylindrical bearings. Low magnituder of approximate
eccontricity are copsi

Aliais, D.C.
TH;:, DESIGN OF EXTERNALLY PRESSURIZED (A!
MAXIMUM STIFFNESS AND 5 %ILITY. ASLE
pp. 234-260. {April 1962).

In the first part of the paper the author reviews some of the most
common forms of externally-pressurized, gas thrust bearings, namely
the inherently compensated, circular recess, and slof recess bear-
ings. He also presencs and discusses mathematical expressions for
determining the rate of flow, pressure ratio, pressure drop from
inlet to ambient outlet, load capacity, and mean effective pressure
pplicable for these bearings. The author then develops expressions
for "specific stiffness", which is a ratio between the bearing stiff-
ness and the bearing load. Considering the phenowmenon of pneumatic .
instability, the author interprets the amalysis of this problem made
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icient land area is provided. The stiffness equa-
ons derived by the author were confirmed experimentally by use of
. ranged test siand. Under conditions of the author's
experiments, the inherently compensated bearings are the most stable,
rarely exhibiting self-excitsd oscillations.
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rod and concludes

Ancnymous,
MISSILE TESTED ON AIR BEARING. Control Engng., vol. 9, no. 5,
p. 26, (May 1962),

An Aerojet General Corp. attitude control system for the Aerobee
sounding rocket is tested by supporting the entire missile on an air
bearing which rests on a large tripod, Moving air provides friction-
less support of the missile at its center of gravity, with 360 degrees
of freedom in roll and yaw, 30 degrees in pitch. The front and rear
halves of the missile are joined by a 4-in. diameter, 16-in., long
metal tube which diametrically penetrates an 8-in. sphere, supported
by moving air. The air-bearing test stand, which permits tests of
the missile’s flight stabiiity and damping characteristics without
friction disturbances, costs one-tenth to one-fifth the price of a
three—axis gyro system,

=

o

H

Anonymous,
7AS LUBRICATED BEARINGS FOR HELIUM TURBINE. J. Refrig,, vol. 5
no. 3, p. 57. {(May/June 1962),

Cryogenic Engineering Laboratory has developed z miniature helium
expansion turbine for operation in a2 helium liquefier or refrigera-
tor. Externally pressurized gas lubricated journal and thrust bear-
ings are used, The bearings are provided with pneumatic phase-shift
networks to ensure stability at extreme rotational speeds according

ryrr

to a design by Sixsmith, Wilson, and Birmingham.

Aponymous.
THE BARDEN BEARING THAT RUNS ON GAS. roove, vol. 12, no. 5,
pp. 1,45, {(May 1562).

The manufacture of air beariios at Barden is

Research Precision Mechanisms Division has bu

gyro wheels which maintair position within fr

an inch. Advantag.s and disadvantages of air

noted,

b
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the turbine pperating at room tewmperature when producing up to 7 kw
of refrigeration. As the design loac is gapproximarely 3 kw, the
bearings should posSsess more tharn adequate otability under normal
oparating conditions.

62-009 Arwas, E.B. znd S5,B. Malanoski.
FINAL REPORT - APPLICATION OF GAS BEARINGS 17 TURBINE-COMPRESSOR
ROTOR. Mechanical Technology, Inc., Report MTI-62IR17, August
10, 1962. Army contract DA-44-00%-ENG-5023.
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bearing supply pressurs equ
bearins supply pressure reg
mate 1 ad capacity of the jou ngl bearlpgs compu
consideration is, under the worst supply and ar T

ting conditions: 465 ibs. for the 31" x 33" be and 610 1bs. for
the 4" x 4" bearing. Ultimate load capacitv 10" x 4" thrust
plates is 2800 1bs. 1t was found that rotation will increase the
load capacity of the journal bearings by about 10% and that the
threshold speed of Fractional Frequency Whirl should be well above
the running speed of 20,000 rpm, at the supply pressure levels of
this application (122 psia minimum}.
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62-010 Arwas, E.B, and Beno Sternlicht.
VISCOUS SHEAR CU,?xZSSGR, Mechanical Technology, Inc. Report
MTI-62IRZ1, 1962, Navy contract Nonr-3735(00)
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Since externally pressurized gas bearings generally require low flow
and high pressure, a viscous compressor is well suited for such an
appli esented in this report considers a
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i
ication. The analysis p

1

grooved plate viscous 50 3 ic flow condi~
tions. Several special cases are treated, e.g., incompressible flow
and compressible flow with adiabatic ané isothermal compression.
Dimepsicnless curves for the calculation of pressure rise as a func-
tion of flow are given for: 1isothermal compression; adiabatic com-
pression, mowetsmic gas; and adiabatic compression, diatomic gas.
Sample results are given in graphical form for a specific size (i B
compressor Gaerating at 24,000 RPM with four different film thick- g -;
nesses, ambient pressure and temperatur: vnder isothermal and
adiabatic conditions with air and helium gases,
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Barker, Allen,
IMPROVEMENTS IR OR RELATING TO JOURNAL AND BEARING ASSEMBLIES,
British Patent 905,647. {to United Kingdom Atomic Energy
Authority). Applied May 22, 1959, 1Issued September 12, 1962Z.

A gas-iubricated bearing assembly comprisss a rotatable shaft having
a sleeve bonded thereto by a rubber-sealing band and a non-rotating
bush secured and seaied to a casing by a ring. A pipe supplies gas
to the bearings via pipes and jets and a pipe also supplies sealing
gas to the bearing. The gas pressure in the bearing iz controlled

by apertures in the bush, The sleeve is assembled on the shafr prior
to introducing it into the casing, and it is held by c¢ollets, Rubber
is then injected into the passageway to f£ill the groove in the shaft,
the rubber is cured, and the collects zare removed, There are also a
number of modifications of the above described assembly.

Beane, G.A. and K.L. Berkey,
THE AIR FORCE-NAVY-INDUSTRY PROPULSION SYSTEMS LUBRICARTS CON-
FERERCE, Proceedings, San Antoniop, Texas, November 15~17, 1960,
Tecknical documentary report ASD-TDR-62-455, May 1962
AF contract AF 33(616)-7223, AD-278 843,

This report is a compilation of papers presenied at the Air Force-
Navy~Industry Propulsicn Systems Lubricants Conference held in San
Antonio, Texas on 153, 15, and 17 November 1960. The confzrence was
attended by approximately 300 representatives of Industry, the De-
partment of Defense, and other Government Agencies. Twenty-two papers
were presented providing a review of lubrication requirements for
future propulsion missions and of current ressarch programs pertinent
to gas turbine engines, rocket engines, znd flight vehicle power. One
paper is pertinent to gas-lubricated bearings and gas lubrication at
very high temperatures. (See 62-076, E.F. Macks).

Bennett, E,C.
OPERATING EXPERIENCE WITH GAS BEARING CIRCULATORS IN AN INREACTOR
TEST LOCP. Rotating Machinery for Gas-Cooled Reactor Application,
Prcceedings, Oak Ridge National Laboratory, Tennessee, April 2-5
1862, BReport TID-7631. June 1362, pp. 256-69,

Operating experience in the DR-1 gas loop used for testing gas-cooled
reactor fuel elements is described., A review of the main Ioop compo-~
nents and the operating characteristics that are pertinent to gas seal
problems is presented. It i3 noted that the facility presents three
major gas seal problems including loop coolant losses, radioactive ma-
terials contaipment, and contamiration of the coolant from scurces ex-
ternal to the loop. These problems are associated with suxiliary
equipment for the circulators, The circulators are dependable and the
gas-lubricated bearings are considered a practical soiution for shalt
seal problems in gas loops. Development of self-acting bearings is
recommended,
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recesses forming two or more partitioned grooves at sach end. The
pressure in the region of these grooves is higher than that for un-
interrupted circular grooves of the gar"entisnaz ty

unnecessary to increase the length of the bearing e
given lpad of the rotating shaft.
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Bowden, B.V.
IMPROVIMENTS IN OR RELATING TO GYROSGOGPEE. Brit
1 M 8, 1958, 1Issued Noveab

ish Patent
ar 1

911,530. applied March 18, 1 28, 1952,
In a gyroscope which includes a rotor mounted within a gimbal system
providing freedom for rotation about each gf two mutually perpendicu-
s o

lar axes, the rotor com
site ends of a dizmeter perpend
rotor axie is journalled in one of the az&bal Ilﬁgs by bearings kbzhﬁ
permit 2z Jimited amount of displacement of the axle relative to th
gimbal ring in directions perpendicular to the rotor axis, The bear-
ings for the rotor axle may coemprise a balil-race supported within a
housing by springs. These springs may be tuned U5 provide resonance
at frequency 24t , wherefl is the angular velocity of the rotor axle,
Alternatively, gas bearings may be used, The rotor may comprise sheet-
metal shells defining a hollow chamber containing two diametrically-
opposed weights, the shells being secured to a hollow slseve which
rotates about an axle pin. Compressed air flows from the pin through

’Y::’
)
[l
n
™
L]

ports amd past fiow-direcfing blades on ts blades which cause rotation
of the rotor. The air then forms the bearings at each end of the sleeve,

Brehm, P.D.
MPB AJR BEARINGS USED FOR SATELLITE TEST PROGRAM. MPE Engng.
News, vol. 8, no. 3, pp. 1-2. {(June 1982}.

The hydrostatic bearing designed as the support for z test simulator
of the Bell System Telstar is composed 3 a ?i inch diameter partial

spherical, or ball and socket ¢ eutiéL*ﬁ_lcﬁ “The design allows 360°
of rotation combined with tilting up to 46% from the vertical in any
direction. Because both a downward gravity load and a radial dynamic
driving load had to bz carried a f 830, socket design was used
~
24

with both thrust and radia
mately 90 psig is supplied
controlied orifices and pre

=ry filteres air at approxi-
clearance spaces through

Buckley, C.W. and Sigmund Rappaport.
AIR BEARINGS. U, S. Patent 3,026,130, (to Sp
9

5, percy Rand Corp.)
Applied August 13, 1960. Issued March 20, 1962,

This invention describes the use of a standard air bearing sleeve
having end plates, In the sleeve and end plates heles are drilied
within which removable plugs are placed. The plugs have a main
vertical air passage which ends in crossed asir passages which are
at right angles to scach other and perpendicular to the main air
passage. The end of the plug whi:h contains the crossed air
passages is slightly smaller than the rest of the plug thereby
allowing the air coming out of the crossed passages to pass arocund
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62-033

Constantinescu, V.N,
ESGME CONSIDERATIONS ON THE CALCULATION QF HYDROSTATIC CAS BEAR-
INGS SUPPLIED THROUGH A LARGE NUMBER OF HOLES OR THROUGR POROUS
SURFACES}. UNELE CONSIDERATII ASUPRA CALCULULUI LAGARELOR CU
AER ALIMENTATE SUB. PRESIUNE PRINTR-UN-NUMAR MARE DE ORIFICII SAU
PRIN SUPRAFETE PORQASE. (in Romanian}. Studii si Cercetari
Mecan, Ap-., Inst. Mecan. Apl., Acad. Repub. Pop. Romine, vol.
13, no. 1, pp. 173=191. (1962). -

The equations of gas lubrication in the presence of a porous surface
are written and the case of the surfaces with a large number of sup-
ply holes is simulated with the permeable surfaces having an equiva-
lent porosity coefficient. Further, the pressure differential equa-
tion is integrated and the operating characteristics of journal
bearings supplied under pressure through a porsus surface are deter-
mined,

Consfantinescu, V.K,
LON SOME APPROXIMATE METHODS FOR THE ANALYSIS COF GAS LUBRICATED
JOURNAL BEARINGS!, ASUPRA UNOR METODE APROXIMATIVE DE CALCUL
ALE LAGARELOR CIRCULARE LUBRIFIATE CU GAZE. (in Romanian).
Studii si Cercetaria Mecan. Apl., Inst. ﬂecan. Apl,, Acad.
Repub, Pup. Romine, wvol. 13, no. 4, pp. 935-855. (1962).

This paper .analyzes the sense and the magnitude of approximations
introduced by various existing methods cof analvsis for gas lubri-
cated journal bearings. On the basis of these vonsiderations,

corrected analvtical expressions are deduced whose calculation

accuracy is emphasized by comparisons with numerical data.

—Constanrlnescu, V.N.

{ON GAS LUBRIGATION IN TERB‘LEEI REGIME! . ASUPHA LUBRIFICATIEI
CU GAZE IN REGIM TURBULENT, -(in Romania ’}‘. Studii si . Geretari
Mecan. Apl., Inst, Mecan. Api., A ad. ?e 3u. PGD. Romine, vol.
13, no. 3, pp. 11571175, (31962). T

J

n
=

This paper analyzes the conditions of tioansition from the laminar
flow tec the turbulent one in the gas iubricant layer, as well as
the possibilities of the occurrznée of turbulence in actual gas
bearings. Further, by emploving the Prandti's mixing length theoty,
previously used by the author for liguid film beavings, an analysis
is made of the pressure distribution in both externzlly pressurized
and self acting gas bearings. For ss1f acting bearings it is found
that the turbulence has usually 3 gegligihle influence on the load
carrying capacity. 1Its effect on friction forzces is of dourse
significant.
Sk
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62-334
62-035
62-036

Constantinescu, V.N,
IDETERMINING THE PRESSLRE DISTRIBUTION IN HYDROSTATICALLY
LUBRICATEB BEARINGS BY USING &4 HYDRODYRAMIC ANALOGY]., SUR
LE CALGUL DE LA DISTRIRUTION DES PRESSIONS DANS LES PALIERS
ALIMENTES SOUS PRESSIONS EN UTILISANT UNE ANALOGIE HICRO-
DYNAMIQUE., (din French)., Rev, Mecan, Appl., vol. 7, no. 3,
pp. 303-521. (1962).

It has been shown that the usual methods for solving the lubrica-
tion problem can be applied only to certain cases of hydrostati-
cally lubricated bearings. 1In other cases the calculations become
laborious, However, if one starts in these latter cases from the
observation that the pressure equation is homogeneous and that the
thickness of the lubricart layer is constant, and the pressure is
& harmonic function of the f£ilm thickness one can arrive at a
reasonable solution.

Cooper, Stanley
IMPROVEMENTIS TO FLUILC BEARINGS, British Patent 893,045,
{to Rolls-Royce Ltd.). Applied Novewber 13T, 1960,
Issued April &, 1962.

This invention relates to journal bearings of the kind empioying
hydrodynamic £iluid lubrication. In partic¢ular the invention re-
lates to the type of bearing arrangement in which a shaft or journal
is supported on pivoted pads so that during rotation of the shaft a
fluid ©film is set up between the pad and the shaft bearing surface.
The shaft is rotated and the rotation results in a f£ilm of air being
set up between the pads and bearing surface which causes the rotor
to stabilize between the pads, So that there is .2 £ilm of air between
each pad and the adjacent part of the shaft surface. The radius of
curvature of the pad exceads the shaft hearing radius by at least
twice the value of the minimum film thickness along a radial line
ioining the rtivot of the pad and the center of the journal bearing.

DiPrima, R.C.
A NOTE OX THE STABILITY OF FLOW IN NON-CONCENTRIC ANNULI.
Mechanical Technology, Inc. Repor: MTI-62TR15, August 14,
1962, Navy contract Nonr-3731{0G)(FBM).

If twe non-concentric cvlinders are rotating, a c¢ircumferential
pressure gradient is created. The effect of this pressure gradienmt
flow on the stabilicty of the local velocity profiles is discussed,
it is concluded that, in the most critical regions, the fiow due
ty the pressure gradient has a stabilizing cffect,




$2-037 Eacher Wyss S5.A.
OPERATING PROCESS FOR A MOTIVE POWER INSTALLATION COMPRISING
A NUCLEAR REACTOR, AND DEVICE FOR PERFORMING THIS PROCESS.
French Patent 1,307,345, 1Issued September 17, 1962,

Nuclear power installations, with a gasecus working medium flowing
in a closed circuit consisting of a compressor, a nuclear reactor
for heating the medium, and a turbine, in which the medium is ex-
panded while a small amount of the gas is continuously bled off to
a cleaning circuit, are considered. A method was developed by which
at least a part of the cleaned gas is injected into at least one of
the bearings of the turbo-machihe to form a gas layver lubrigating
angd suppcrt‘ng the turbo-machine axle, before it is reintroduced
into the main circuit, The cleaning ecircuit alsc contains an auxi-
liary compressor for increasing the pressure of the gas injected -
into the bearings.

" 62-038 Eusepi, M.¥W. and D.D. Fuller,
PROGRESS REPORT ON THE DEVELOPMENT OF GAS-LUBRICATED BEARINGS
FOR ‘HIGH=SPEED ROTATING MACHINERY. Rotatins Machinery for Gas=
Cooled Reactor Applicatic ?AEfcﬁaeéings,'eaL Ridge N7 hional
- Laboratory,. Tennessee, April 2-4, 1962. Report TID-7£31.
June 1962. pp. 307-34,

i

Activities and results asSociate¢ with the first year's program at
the Franklin Institute Laboratories on gas=lubricated bearings are
summarized, The program was directed along two parallel avenues.,
Ope: 1nvest1gatzon was concerned with the characteristics of a 3-<in.
dia. rotor weighing 100 1b, used to simulate the shaft of a turbine~
compressor unit. The other éffort was concerned with s rotor shaft
that is to be supported on searzngs which are completely self acting,

rather than éxterimally pressurized.

§£2-032 Eusepi; M.¥., A, Marmarou and U.D. Fuller,
THE APPLICATION OF GAS LUBRICATED BEARINGS TO HIGH-3PERD TUHBO-
MACHINERY. Franklin Institute Laboratories for Research and
Development, Quarterly Technical Report, Report TID-15105,
December 1, 1961 to February 28, 1962. Contract AR{30-1)-2512

Several advances were made ir both the instrumentation and éxperi-
mental testing required on the program. The £final results are pre-
sented of instrumentation work, calibration, the modified instrument
circuits, and a noise level evaluatien. Also reportad are results
of experiments performed on the EP-2 rig (exteinally-pressurized
Eearlngs} including rotational testing up to a speed of 9080 rpm.
Significant results were also on the oper

z obtaine ¥ aticnal testing of

£ the SA=2 rig (seif—actirg bearings, 4" 4. shaft), The rig was com-

. pletely de~-bugged and the first rotational tests made. At the close

: -of the report period 2 speed of 20,180 rpm. was reached.
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Frost, Alan
IMEROVEMENTS IN AND RELATING TO GAS BEARIXNGS, Jritish Patent

901,004, (to Bristol ?idd?ley Engines Ltd.). Applied April
4, 1961, 1Issued July 11, 1962,

T-is invention relates to a gas bearing which is of cheaper construc-
‘i oz -. er from porosity than previously available and whose sur=
faces ace of compatible materials and can be repaired. The gas bear-
ing has both the elements formed from mild steel, one being chromium
plated on its bearing surface; and the other having its bearing sur-
face provided by a thin layer of an alloy hav."7 the approximate com-
position 66% cobalt, 26% chromium, 5% tungsten, 1% carbon and 2% im-
purities which has been flame sprayed on to it and fused,

e pa

Garrett Gorp., AiResearch Mfg, Div. of Arizona
TECHNICAL PROPOSAL- ADVANCED CLOSED BRAYTON-GYCLE SPACE POWER
SYSTEM. Report SY-5394-R, vol. 1, August 24, 1952,

The results of an extensive study of & Bravton cycle space power
system using the SNAP-B reactor as a heat source are reported. The
system presented is a closed, recuperated, inert gas cycle, compris=
ing z combined rotating power unit supported on gas bearings, a pri-
mary heat exchanger, a recuperator, a radiator, and a start and con-
trol systemn,

Geary, P.J.
FLUID FILM BEARINGS - A SURVEY OF TBE;R DESIGN, CONSTRUCTION,
AND USE. British Scientific Instrument Research Association,
Chislehurst, Kent. 1962,

A coneise recital of principles of ligquid- and gas~lubricated bear-
ings with external pressure generation and gas-iubricated bearinsgs
with internal pressure generation, but excluding hydrodynamic lubri-
caticn using liguid lubricants is given. Chiefly useful as a guide
to the literature, 50 pages of text and diagrams explain the princi-
ples and refer the reader tc relevant books and papers, Those parts
of text and the 53-page bibliography of 306 references dealing with
gas bearings are meant to complement, not Juplicate, other surveys,
Discussion is mainly “practical” but includes basic expressions for
film thickness and iubricant flow. There are brief notes on sguseze
ilm,

(]

Getler, Michael
NEW GYRO AIMED AT TACTICAL MISSILES, Missiles and Rockets,
vol. 11, no. 10, pp. 3%-35. {(September 3, 1962).

A descripticn of the “Hydrogyro” a new “gimbal-less™ gas-bearings




gyro, with low drift rate and high-g capability, to be used in short-
range tactical missiles is given, The proposed instrument uses hydro=-
static pressure to run up and support the only moving part - a brass
or aluminum rotor. Photos of the instrument and a test diagram are
included.

62=044 Gilbert, Sr., C.E.,and Donald Winget, Jr.
LIDE BEARING CONSTRUCTION, U. S. Patent 3,042, 460. (to Cincin-
natl Gilbert Machine Tool Co.}. Applied July 15, 1960, Issued
July 3, 1962,

This invention relates to an improved precision slide bearing construc-
tion wherein a layer of air is maintained between two relatively moving
members which conztitute the bearing s¢ a$ to minimize the friction
otherwise r>straining movement of the one bearing member relative to
the other. The principal objective of this invention has been to pro-
vide a bearing construction where air under pressure is employed to
maintain a virgs.illy frictionless layer or £ilm of air between rela-
tively movable members constituting the bearing, and vhere oil or
other iigquid is intzoduced into the air interface of the bearing to act
as .a seal préventing excessive escape of air from the bearing margins
and to damp or sugpress fluctuations in the thickness of the air
interface which might stherwise ocecur under varving lcad conditionms.,
The supply of air to the bearing interface area is automatically con-
trolled or regulated to maintain zn air £iim of substantially uniform
thickness, regardless of fluctuations in the 1o6ading of the bearing

or of fluctuations in tue uait bearing pressure. A liguid seéal is
effective to minimi.e air 28cape and thereby minimize the consumption
of compressed- a.~ required to serve or maintain the bearing under
severe variations in the 1lo2¢ conditions to which the bearing is sub-
jected.

§2-04s Gebert, Gerald
Eﬁ?PLICAETO§ OF GAS ’“gglu-iﬁﬁ BnéRIES\ T GYROSCOPEST. APPLICA-
TION DES PALIERS A GAZ AIX IYROSCOPES. (in French). J. Phys. Rad.,

l......

Phys. Appl., vol., 23, no. 3j pp. 83A-46A, {March 19632).

t
construction of a gy =c0%8‘ The rof
rung at 180,000 r.p.m. Its weight i

62-046 Gobert, Gerald
':k?:RIEEkLnL GONIRIBUTION IO THE STUDY OF (GAS BEARINGS]
BYTION EXPERIMENTALE A i PALIERS A GAS
Commissariat a 1'Energie Atomique. Centre 4d'Etudes Rucleaires,
Saclay. 1962,

Developments for gas-lubricated bearings are discussed, The study of
_ how the fluigd film behaves compared t at one can expect is dis-

}2 oW
cussed. Various devices are described which have allowed us to go up
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to peripheral velocity greater than 400 m/s, 1sading to rotational
speed of several thousand revolutions per second. This is obtained
by using an automatie setting for the distance betweer fused and
rotating walls,

Gray, D.L.
OPERATING CHARACTERISTICS OF GAS-BEARING COMPRESSORS BUILT BY
BRISTOL SIDDELEY ENGINES, LTID. Rotating Machinery for Gas-
Cooled Reactor Application, Proceedings, Gak Ridge National
Laboratory, Tennessee, April 2-4, 1962, Repeort TID-7631.
June 1962, pp. 280-91.

Tests of two similar but slightly different gas-bearing compressors
are described., The single model of one type compressor was operated
under a variety of conditions for about 760 hr, since it was installed
in the ORNL test locp. The test equipment and test results associated
with this compressor are described. Two models of the other type com-
pressor were tested at the manufacturer's plant, Over 100 hr. of
satisfactory service was accumulated with these compressors. Equip-
ment and results associated with these tests are alsp presented.

Gross, WA,
GAS FIIM LUBRICATION. John Wiley & Sons, Inc., New York.
1962, 474 pp.

This is an excelilent academic book on gas bearings. The author pre-
sents the theory of the problem rather than writing a bandbook of
do-it-yourself rules for getting a bearing under way. The chapter
headings indicate the scope of the book. "Hvdrodynamic equations™
gives the basic egquations more Fully than has appeared zlmost any-
where 2lse. Chapter 3 on the steady-state hydrodynamic solutions

for long bearings gives virtuaily all the known thebry. Chapter 4
lists similar cazlculations for finite length bearinge., The next
chapter deais with externally-pressurized bearings. Finally, bear-
ings subject fo instablility are studied., Mathematical proofs ars
presented,All the foundations on which industrial "know how™ can be
built are given,

GAS LUBRICATED BESARINGS. Aappl. Mech. Rev., vol. 15, no. 10,

A Havy-supporied investigation of gas-Iubricated bearings, covering
{1) the starus of knowledge of properties of steady-gas-lubrieating
£iims, and {2} the dynamics of gas-bearing svstems is discussed.
Types of £ilms, bearings, configurations, and shapes are treated,
and attention is given to the operating conditions and snvironmental
and material problems involved in the area in vhich the properties
of gas-lubricating £ilms need to be undersiscod. Available soiutions
are then described, and their use with bearing systems discussed.




52=050 Gross, W.A. _ )
INVESTIGATION OF WHIRL IN EXTERNALLY PRESSLRIZED AIR-LUBRICATED
JOURNAL BEARINGS. Trans. ASME (J. Basic Engng.), vel. 84 D,

) no. 1, pp. 132-138.7 (darch 1562).

o

The effects of several parameters upon the whirl properties of air-
lubricated journal bearings were experimenially investigated. The
whirl was composed of two components, cne at the frequency of rota-
tion; and the other at abodut half the rotational frequency. The
behavior of the synchronous whirl component was like the response of
‘a passive system to the excitation due to rotor unbalance, and the
half-frequency whirl was a self-excited oscillation. Both compcnents
were in the predominantlycylindrical or translatory mode becauss this
correspondéd to the lowest critical frequency. These characteristics
were predicted using a lumped parameter, gquasi-static analysis. The
threshold of self-excited whiri was important because, although the
whirl path was stable, the amplitude increased rapidly with speed.
The threshold for any journal supply pressure occurred at about twice
c¥

Wi

¥ of the non-roiating system using the
film stiffness at £= 0. Because of the small clearance ratio, the
effective damping was more than critical. At moderate speeds, four
‘sources per journal bearing were sufficient; more were necessafy at
higher speeds. Factors which raised the threshold speed were increased
pressurizaticn, reduced rotor mass, and, in limited cases, unbalance.
Additional work is in progress to examifie the effect of clearance
ratio, slenderness, and 2 aft
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Gunter, J¢¥., E.J., J.G, Hinkle and D.D. Fuller:
THE APPLICATION OF GAS LUBRICATED BEARING
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Development, Quarterly Techniczl Repori, June 1 - August s, 13527,
Report TID-17311. Contract AT{30-1)-2512, =
Procedures azre being developed for designing practiczi gas lubricated
bearings £or use in high-speed turbomachinery. Effort was gpplied to
the design and analysis of two separazte bearing systems; ong systex
regquiring external pressurization, znd the sther of z sseif-acting
nature, Because of stabilify problems freguently encountered in 35587
journal bearings, particulsrly if gas iubricated, attention was
: directed toward the development of pivoted-pad, seif-acting bearings.
This bearing arrangement is isherently more stable than the conven-
- tional full journzl bearing; and in addition has the capacity to be
: : ; I 3
; self zligning., A review of the theorstical and experimental work
- that was performed on both the seif-goting (SA-2) and ths externally
- pressurized {(EP-Z) rotors is presented. The EP=Z rotor was dynami-
) cally balanced and run. Fazilure was encountered zt 15,000 rpo
- rotor was studied in an effort to defermine possibie
: failure. The SA-Z rotor was tested zt speeds wp to 18
b Ioad-defliection charactsristics of the hydrostatic 1if:




deternined.
shoes were taken,
bearing was tested up to speeds of 5,000 rpm.

thickness measurements and theofy is presented.

A preliminary design of a self-acting thrust

Gunter, Jr., E.J., J.G. Hinkle and D,D, Fuller.
THE APPLICATION OF GAS LEBR::"TaB BEARIRGS
MACHINERY,
Development, Quarterly Technical Report, ¢
November 3G, 196Z. Report TiD-18292,

September 1, 1962

A program directad

Fiim thickness measurements of the self-acting pivoted

Correlation of £ilm

TG HIGH-SPEED TIHEO-
Franklin Instituts Laboratories feor Qesearch ang

Contract 34(36-1}-2512.

towards developing procedures Zor designing practi-
cal gas lubricated bearings for use in high-speed turbp-machinery is
discussed, Effort has been appliied to the design and analysis of tuo
separate bearing systems; one system requiring externazl pressuriza-
tion, and the other of z self=acting nature. 4 review of the theoreti-

cal and experimental

ork that has been performed on the self-acting,

fu
ol

d

w
gas bearing rotor is pI
to 20,200 rpm.
shoes were obtained for various pivot positions to ascertain the
mum pivot location. A secondary technigue to measure £i

resented.

This roftor was tested at speeds up
Film thickness measurements of the self-~acting -pivoted

03*"

Tm4thickne$s

indirectly was developed t6 permit the monitoring of iwe shoes simul=
taneousiy, In addition, a shaft attitude~eccentricity locus was ob—
tained. Theoretical performance of pivoted-pad, partial journal
‘bearings is presented in the form of ‘computer field maps £or vaiues
of A = 1.5, 2.3, 3.0, 3.5, and 4.0. Extended theoretical 1oad
deflectior curvés for a shoe pivoted at YA = /3, are presented.

An a"azyticai eguation, which was derived from the computer data,

is given to predict the load-carrving capacity of z pivoted-pad bear—
ing, Performance characteristics of the pivoted-pad gas bearing are
compared to the characteristies of a fizt slider bearing using an

incomprassible Ichricant,
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AN IMPROVED AIR LUBRICATED SWIVELLING FIPE {DUPLING OR JOURNAL

BEARI®G, J. Sci. Instrum., vol. 39, ne. Ii. pp. 572-3. (1383
In order < seg¢ ai 31l model of z gfround
effect machine which was undergeing ¢ tests, a Erictionless
swivelling pipe coupling was reguire ernglly pressurized air
bearings were the choice for iater int of the moving part
gf the coupling, and since contins ation was not regquired
fine straiped wires acting aliong t provided the longitudinal
restraint. Longitudinal grooves I control pressure
distribution and = continuocus, th rocumferential
glot replaces the individual %
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Herbert, (r., T.A.,and E.L. Christian.
AIR BEARINGS FOR MACGHINE TOOLS? Prod. Engng., vol. 33,

no. 10, p. 177, (May 14, 1962),

The authors claim that up to now, none of the many air bearings de-
veloped in récent years has been practical for use in machine tools.
But now, a2 new method of distributing air pressure over the face of
the Yearing has greatly increased the potential uses of air bearings.
In fact, four air hearings are already doing the work of ten roller
bearings on a straight-line welder at General Dynamics/Astronautics.

They are doing the job so well that carriage travei is accurate
enough to permit welding of fpil-thickness metals., Vibration is

irtually non-existent. -

Hodapy, Jr., A.E.
EVALUATION OF & GAS BEARING PIVOT FOR A HIGH AMPLITUDE DYRAMIC
STABILITY BALANCE. Arnold Engineering Development Center.
Report AEDC-TDR-52-221, December 1962. Confract AT 40(600)-1000,
AD=290 348(K).

The results of z study of the ioad capac:ity and damping level of a
gas journal bearing ares pressnted. FExperimental] data indicate that
the bearing iIs -capable of supporting radizl loads in excess of 300

pounds, and that the damping parameter has some inverse relstionship
to frequency which is determined by the radial load, It is shown )
that the damped moticn of the gas bearing can be approximated ade-

guately with the viscous-damping eguation,

This device torsionziiy loazds an air-lubricated slider towards a
moving surface, The siider is pivotally mounted in [-shaped amm
by pins received in gpenings In the extremities of zu arm. The
siider is initiaily lozded towards the moving surface by a2 smail
£orce. A torsion force is then appiied To the arm in the direction
of reducing the angie of attack of the siider. As the angle of
attack is rzduced, a partizl vacuum is created under the trailing
edge of the siider. As eguilibrium condicion Zdeveiops between the
torsional force and the vacuum, which maintzins nearly constant zir
E£iim thickness for both positive and negative normzl Icads.
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Kerr. J.
AIR-LUBRICATED JOURNAL BEARINGS AT HIGH COMPRESSIBILITY NUMBERS,
Paper presented at the Symposium on Nen-conventional Lubricants
and Bearing Materials Such as Used in Nuclear Engineering, of
The Institution of Mectanical Engineers, Manchester, April 12,
1962, (Summarized in Sci, Lub., vol, 1%, no. 6, p. 26.
(June 1962)), ’ S

An experimental investigation of induced pressure (hydrodynamic type)
air lubricated plair journal bearings operating at high speeds and
sugtaining.steady~lea§s is described. Air-film thickness measurements
are reported and the experimental results compared with available
theoretical predictions. -Results are given for bearings with breadth/
diameter ratio of unity and a journal diameter of 1 in.

L.arson, R,H. and A.G. Pikén,
BEARING AND LUBRICANT REQUIXEMENTS FOR SOME AEROSPACE PROJECTS:
DISCUSSION AND- PRELIMINARY INVESTIGATION. ASLE Trans., vol. 5,
"no, 1, pp. 1-7, (April 1962). o

Some of the pressing bearing and lubrication problems which con-
front the aers-space industry today are illustrated. Spzeific
requirements -6f bearings and lubricants for rnuclear engine controls
and: a hot gas flight stabilization system are given. The results
of a lubricant Survey are discussed, and the preliminary test
results obtained in a 600°F lubricant eviluation program are pre-
Sented, A brief discussion of the merits and limitations of gas-
lubricateéd ‘bearings in extreme environments is includéd. The con-
cluding remarks emphasize the need for ihecreased bearing .and lubri-
cant research,

Larson; R.H. and H.H. Richardson.
A PRELIMINARY STUDY OF WHIRL, INSTABILITY FOR PRESSURIZED- GAS
"BEARINGS. ASME Trans. -(J. Basic Engng.}, vol, 84 D, no. &,
pp. 511-520. {(December 1962). ’

Experimental data are presented for the threshold of whirl instability
for a short, rigid rotor supported in externally-pressurized, compen-
sated gas journal bearings. The effects of supply pressures from zero
to 200 psig and of radial clearances from 0.0006 te 0,0032 in, are
discussed for one type of bearing configuration, A simple stability
criterion is presented which explains qualitativ:ly the observed
trends. Whirl instability was observed when- the frequrncy of rotation

‘of the shaft exceeded from two to six times the lowest natural fre-

quency of the shaft-bearing system,
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Laub, J.H.

GAS LUBRICATION 1IN INSTRUMENTS AND CONTROL DEVICES, 1I8A Trans.,
vel. 1, no, 4, pp. 305-14. (October 1952}, o ’

The use of compressed gases or vapors for lubrication aud flotatinn
of rotating, pivoiing, or Elidinﬂ elements of instruments offers
significant advantages, The viscosity of gaseous lubricants is
several orders of magnitude lower than that of incompressible lubri-
cants, resulting in reduced friction torques, smalier losses, ang
lower operating temperatures and in virtually vanishing starting
torques for hydrostatic bearings. Gases are suitable for lubrication
at extreme temperatures, both high and low, and in other environments
where conventional lubricants may become unstable, for instance, under
exposure to nuclear radiation. A number of examples of applications
i instruments and control devices are cited, e.g.; the support of
the gimbal and spin axes of gyros, pivot bearings for wind-tunnel
balances and attitude-control siﬂulaiozs, metrological instruments,
and readout devices in random-access cdmputers, Recent srogress in
‘the analvsis of thin-film gas 14§rication at the Jei Propulsion
Laboratory of the California Institute of Technology in Pasadena is
briefly reviewed. Prediction of the performance characteristics and
the accuracy of design data for gas bearings has been greatly im-

proved., This is exemplified by the desvelopment of a wiscous-£low

theory for externally pressurized instrument bearings of various con-
figurations, which yields very satisfactory correlation with experi-
mental data. . -

Lee, R.E. : ' ,
BEARING MATERIALS AND ﬁ“EQ’C&ﬁTSZFG; RIbﬂ,TE?“ER$T§§ES§ ﬁatis.
in Design Engng., vol. 55, mo. 3, pps; 109=14. ‘(March 1982).

Gas bearings are not a cure-allk for high temperatures, and several
materials problems are being encountered, Engineers would like to
have materials with comparable coefficients of expansion and materials
that resist galling and do not wear excessively during momentary con-
tact, They would also like to have bearing materials that will not
oxidize and that will remain dimenSionally stable at high tempera-
turas, Some of the bearing materials that look promising for high
temperature gas bearings are: carbon-graphite, copper or silver-

impregnated graphite, nickel austenitic iron, sintered metals, such

ac n.ckel impreguated with a solid lubricant, beryllium alloys, and
hatd coatings, such af aluminum oxide. Some of the shaft materials
that look promising are: oxidation resistant alloys that can be
hardened by heat trveatment, nitriding or hard chromium plating, flame
or plasma arc sprayed steels, and cermets and ceramics.
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Lehmann; R:; A, Wiemer and R. Rogal.
[AIR BEARINGS]., LUFTLAGER. (in German), Feingeratetechnik,
vol, 7, no. %, pp. 151-160. (1862). )

Air bearings can be equipped - depending on their use - with plane,
eylindrical, or spherical surfaces, They have a number of openings
for admission of air under pressure, with constrictions which

.operate as 2ir nozzles. Between the constrictions are chambers for

damping the air velocity; their shape and size influence the capacity
of the bearing. Depending on the distance of the nozzles from each
other, a certain pressure develops, which is, however, lower than

the pressure in the chamber. If the chambers -are oblong and arranged
patallel to the border, there will be a linear air flow, and the
capacity of the besring wiil reach a maximum. TIn order to equalize
the pressura, the air nozzles at the corner should have a somewhat
larger diameter than the others, Parameters on which the capacity of
+he air bearing depend include: the size of the bearing surface, the
pressure of the air in front of the bearing, the size and arraugement.
of the air nozzles, the shape of the chamber and the height of the
aperture. A number of applications for air bearings are given, e.g.
in single shaft~ and multipie shaft-boring machines, in headstocks

“of lathes, in sterzotype printing plates, in paper cutting machines,

etc, A new application, recently installied in the Berlin Office of
Weights and Measures, is the mirror of the Michelson Interferometer,
which 1is mounted on a sliding carriage, equipped with .air bearings.

Temow, J.R. ,

ANALYTIGAL AND EXPERIMENTAL STUDY OF EXTERNALLY PRESSURIZED
AIR LUBRICATED JOURNAL BEARINGS. Trans, ASME, (J. Basic Engag.),
vol. 84 D, pp. 158=165, (March 1952y, —

A simplified amalytical method for the calculatioh of the character—
istics - such as, stiffness, flow, and load - of an externally
pressurized gas joufnal bearing, on the basis of a one-dimensional
flow apgraaéh,‘withkaligggnce for the effect of circumferential
pressure variations is presented., The analysis shows that bearing
stiffness has an optimum which can be chosen throagh a proper selec~
tion of bearing design parameters, Such asg radial clearance, upstream
resistor, and supply pressure. Experimental data are found to verify
the assumptions. and predictions of the analysis. Recessed and non-
resessed bearings are compared.
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‘Loch; Erwin

Progress is rep al ie + £
systems for flight accessory aquipment that gperates af ures

F
from -60Q°F to 1500%F, in high vacuum or norial atmosphs
i

expasure to nutlear radiation, Two systems have been se or
further study on the basis of materials availsbility and adaptability
to the combined-system concept: (1) the solid-lubricated rolling
element Yearing and {2) the externally pressurized gas bearing.

T <

L&ﬁg, ilg .S‘J. . -
oN bevﬁﬁTI“IEéTIO¥ -OF THE STIFFNESS OF EXTERMALLY PRESSURIZED
BEARINGS. Trans. ASME {J. Basic ngﬁg‘}, vol, 84 B, no, 1,
Dits }.f.g—lhz., T’“arch 1962Y, - T =

This paper presents theoretical stu dies of the method of optimiza-
tion of the stiffness of externally pressurized &aétings; When an
externally pressurized beari ing is 5es£g3 d to operate at any given
f£ilm thickness, it is found that the maximum bearing ;tifiﬁess can
‘be obtained by proper selection -of the value of the ratio of rezess
to suggly'pre§Snr£,,?§[$S;, ¥hile various valiues of ?vfgé ¢can be
attained by either vatying the restricior cobstant for afgﬁveajfilm
thickhess or wvarying the £ilm ‘thickness for a given restrictor con=
stant, thé important quantity to~vary in deterimining the ogtimam
condition s tne restrictor constant rather than the film thickness,
For an 1neomgr3551ble Lluzu, the gva vaive for whith the bearing
stlffness is ﬁptlmlzad -depends only on the type of compensation used,
while for a compressilile Fiuid it is slightly . affected by exhaust
pressure; ' o

LAEROSTATIC THRUST BEARINGS].  AERDSTATISCHE AXTALLAGER, (in
German). Doctoral Dissertation, Techniezl University .of Graz

Austria. (1962). o

A generally applicable equation for small disc dimensions was derived
for the radial equilibrium of the compressible clearance flow, includ-
ing consxée 3t10§ of rot tign. it was found that hzat transfer of a
flﬂk i is v

high and that the
oS, an isothermal

i
chanse o? state. The caicdlauluns were exiended to include baarings
3

in which the flow occurs inm two directions, outwards and inwards.
flow the pressurs distribution in
o= rived by

For the laminar, iscthermal radia
the ciearance and t £ F

Ch

by means of 2




LY

simpie and an extended approximation. An analysis of the flow equa-
‘tions obtained showWed the influence of kinetic energy, of rota

of a disc, of gas-dynamic effects and of labyrinths., The cond
at the transition from laminar to turbulent flow were analyzed, in-
cluding the observations reported by previous authors., Based on the
literature data on friction values for the turbulent clearance flow,
the course of pressure and the amcunts of flow were calculated for a
simple case of turbulent, isothermal radial f£low, The lpad-carrying
capacity of Zny bearing whatsoever could be determined by introducing
into sgustions, known previously, a non-dimensional factor which de-
pends ounly on the radii and pressures, Solutions of the lcad capa-
city integral of lIaminar flow in fhe negative r-directicn and of the
integzral for the turbulent, isothermal radial flow were found. Opti-
mization and economy of the bearings v ~re also discussed, including
criteriaz which lead to the optimum T ag geometry relative to the
iocation of gas inlet. The power lov. o found when different gases
‘were used, were compared. An optimum nozzle pressure ratio was de-
fined and calculated for bilateral and symmetricszl thrust bearings.
The individual throtile elements were dsscribed., The advantage of
Venturi nozzles over e¢ylindrical norszles was shown, In another
chapter, the non-radial isothermal cl=arance flow was investigated.
Disregarding the influence of inertia, #nd the rotation of the discs,
the flow distribution was represented as a potential function.
General relations between the course of pressure, the lcad capacity
and the amount of flow were studied. Non-dimensional bearing charac- |
teristics were derived and represented as functions of gas and pres=

sure parameters for the laminar and turbulent clearance fiow in the

form of curves, BExperiments on heating of bearings, bearing charac-
teristics, change of pressure in the clearance, amount of £low and

load capacity coniirmed the data derived theoretically., The influ-

ence of the inist nozzles and of other parameters on the stability of

the bearings was studieé. Methods for damping the oscillations were
described. Finally, axial sscillations of bilaterzl bearings were
investigated.

oL

Loch, Erwin
DAMPING VIBEATIORE IN A GAS BEARING. U, 8, Patent 3,645,383,
(tc Escher Wyss Aktiengeselischaft}. Applisd June B, 1950,
Issued August 14, 1982, Applied Switzerland June 26, 1959.

This invention concerns a device for damping vibrations in az gas
bearing, For this purpose, at least one resonator consisting of
a chamber closed toward the outside and a channel connecting the
chamber te the gap between the parts moving relatively to each
other is provided in the bearing member. The resonator channel
contains a gas column capable of oscillating in the longitudinal
direction of the channeil,
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Lund, J.W.

HYBRID GAS LUBRICATED JOURNAL BEARIN

Report MTI-62TRZ, March
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‘MeKehna, R.D., DO, Bard and J.G. Gilevers,

GAS LUBRICATED BEARINGS FDR ADVANCED SYSTEMS. ELECIRICAL
ACGESSORY EQUIPMENT., Technical Documentary Report %§B—E§S—§2—i?$,
September 1962, AF contract AF 33(616)-7913. AD-295 4381,

Design criteria, fabrication techniques and an analysis of experimental
test data for l-inch bore exterpnally-pressurized gas-lubricated journal
bearings are discussed., Bearings were investigated to satisfy the
following conditions: speed range, § to 24,000 RPM; temperature
range, =65° to 1500%F; and starting, bringing up to maximum speed, and
the coasting or braking to z stop under concurrent radial and axial
lcads of 50 pounds and 25 pounds respectively, A reliable electro-
lytic erosion method was developed which eliminates previous machining
problems. To eliminate the seal problem caused by the temperature
range required, micro brazing was used to join the porous inserts to
the bearing housing. All bearings were fabricated from stainless
steel, Procedures for ambient load tests, high temperature tests, and
ambient-pressure flow tests are outlined, Many tables and graphs are
included,

¥McKenney, H.F. o
AIR BEARINGS, u. S. Patent 3,070,406. (to Chrysier Corp.).
Applied February 11, 1960. 1Issued December 25, 1852,

This invention relates to air bearings which may bs used in apparatus
such as gyroscopes where a minimum of frictional bearing resistance
is required aznd alsoc where a substantially complete absence of fric-
tional heat is-required. The bearing is a type which does not use
any source of compressed ailr Or any compressed gas other than that
air which is naturally in the space between the rotor or the housing,
and may be provided with offset peripherzl porticns to provide wedge-
shaped; air compression spaces between the members, These spaces
cause the rotor 6 be suspended on an air cushion within its housing
when a certain speed of rotation of the rotor is attained, The same
result is attained when the housing is made the rotatable member.
The compression pockets will become f£illed with whatever fiuid sur-
rounds the system utilizing these bearings, for exanple, water or
0il, and the rotor will be supported on a cushion of that particular
£luid in the same manner as though the £luid were a gas. A signifi-~
cant advantage over the prior art types of air bearings is that the
resent bearing requires no outside source of compressed air, but,
instead compresses its own air for floating the rotor within the
heusing, Since the rotor actually does £loat within the housing there
is no frictional engagement of the rotor therewith znd the heat de-
veloped by the bearing is practicizlly non-existent,
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and technigues. An externally pressurized orifice~tyne journal test

bearing and three test shafts were fabricated. A test rig incorpora-
ting this bearing was agsembled and installed in the test Facility.
Testing of this bearing rig was begun,

Modrey, Joseph
THE PROBABILITY OF INTERMITTENT CONTACT OF EXTERMALLY PRESSURIZED
GAS BEARINGS EXCITED BY STOCHASTICALLY DEFINED FORCIKG OF THE
BEARING SUPPORTS. Union Tollege, Mechanical Engineering Depart-~
ment, Research Beport, August 19562. RNavy contract Nonr{(G)-
{0028-62, AD-28Z B80S,

This report describes the analytics necessary to express the relia-
bility of gas bearings in terms of the probability of damage due to
the razndom vibration of bearing supports encountered in a service
environment. The casé s5f a flexible zotor supported on externglly
presstrized gas bearings is specifically referred to, Both the
linear ané nonlinear bearing stiffness examples are investigated.

Mori, Haruo, 1., Shizuma, Toshiyuki Shibayama and T. Yamamoto,
:RESEARCH ON EXTERBALLY PRESSURIZED JOURNAL GAS BEARING!.
(in Japanese). Trans8. Japah Soc. Mech. Engre., vol. 28,
no. 196, pp. 1713-1719. <{(December 1962).

The theoretical research on externally pressurized journal gas-
bearings has been reported by T. Sasaki and H. Mori. In their
paper, the experimental data employed in comparison with the
theoretical results were for the bearing with singie gas supply
hole without restriction. It is general to use externally pres-
surized gas-bearing with multiple gas supply holes arranged cir-
cumferentially and axially. In this paper, gas-bearing with
multiple gas supply holes is designed theoretically and the pres-
sure distribution, flow rate, and optimum restriction were examined
and compared with the complex potential theory. The experimental
results show good agraement with the theoretical results,

Neher, H.V.
AIR-BEARING MAXWELL TOP. Amer. J. Phys., vol. 30, no. 7,
pp- 503-506. (July 1962},

The Maxwell top described here is suitable for use in a student
laboratory, ¥ith it, measurements may be made on angular accelera-
tion and precessional motion. Over a wide range of angular speeds,
friction is too small to affect the measurements, The precision
attainable is limited primarily by the patience and skill of the
experimenter,
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Pan, C.H.T. &nd Beno Sternlichi,

COMPARISON BETWEEX THEOBIES AND EXPERIMENTS FOR THE THRESHOLD
OF INSTABILITY OF RIGID JOURNAL BEARINGS. Mechanical Technoiogy
Inc, Report MTI-6ZIR13, August 3, 19832, XNavy contract Nonr-
3730400},

The thresheld of half Ers qtaacy ‘hi 1 for a rigid rotor in self-

acting, plain ¢ylindrical journal bearings is analyzed by several
methods andéd the results are o -yarzﬁ, The correlation between the

various approaches appears to¢ b good, The simplest method ¢f

anzlysis is therefore used for comparison with experimental data.

Experimental results showing the effect of bearing length and bear-

ing load arz compared with theory. The influence of bearing lensth
oft the threshold speed agrees with the trend of the calculated
resulis, However, the sxperimental threshoid speeds are always a
iittie §1ﬂbcr. In comparing the effect of bearing load it is seen
that the calculated threshold speed is consistently somewhat over-
pessimistic but the influence of rotor inmclination is in very good
agreement with experiment. The methods presented in this paper can
be readily used in design to insure stable operation with plain
cy¥lindrical journal bearings,

ON THE TRANSLATORY WHIRL MOTION OF A VERTICAL ROTDR IN PLAIN
CYLINDRICAL GAS-DYNAMIC JOURMAL BFARINGS. Trans, ASME (J.
Basic Engng.), vol. B4 D, no. 1, pp. 13?- 58, {(1%52).

Pan, G.H.T, and Beno Sterulicht. (

For the theoretical prediction of the dynamical characteristics of
a rotor system it is necessary to have an accurate knowledge of the
bearing £luid f£ilm forces under dynamical conditions. With a small
clearanice ratio and at a moderate speed, the motion of the lubricant
is goéverned by the generalized Reynolds eguation, If the lubricant
is a gaseous medium, the Reynolds eguation is compiicated by the
compressibility effects, which inciude nonlinearity and time-depen-
dence under dynamic conditions. In the case of a vertical rotor
operating is plain cylindrical journal bearings, the steady whirl
approximation iIs appropriate and time-dependence in the Reynolds
eqaaalon can be removed by a cc-ordinate transformation. The form
of the transformed equation is identical to the static Reynolds
datlﬁﬁ except that the compressibility number is modified by a

r which depends on the angular speed of the whirl motion. The
ude angle, in the presence of the whirling motion, is quite
erent from the static attitude angle. On the other hand, the
tudes of the forees are not very Jifferent, The steady whizl
analysis may be used to determine the synchronous whiri motion of an
unbalanced rotor, The phase angle between the fiuid £ilw force and
the maximum £ilm thickness plane is the complement of the attitude
angle according to the quasi-static whirl analysis. Alsc, the modi-
fied compressibility number is reduced to zero at half-frequency i l
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Peyton, Robert
GAS LUBRICATED SLIDER BEARINGS. Ampex Corp. Report TR-62-5;
o inven! 1962 —
UG~270, November 1962,

The object of this stvdy has been to determine a method of maintain-
ing a precise space between two surfaces. One of the most promising
ways is by supporting one surface on a self-lubricating slider bear-
ing. The report gives a qualitative description of the hydrodynamic
lubrication process and quantitative information on saveral types of
sliders. It is apparent, although not proven here, that a pivot-
loaded, curved-step slider bearing is the most desirakle type for
this purpose, The range of available surface speeds under atmos-
pheric conditions is from 300 to 5000 ips, or foc the burst sfrength
of the rotating material. Loads of sbout one atmosphere may thus be
supported with z film thickness of €0 to 100 uin., These spacings
may be held easily within 1 percent., This, of course, depends on

keeping the slider mass small._ The lubricating film acts as a spring,
with a rate on the order of 107 1b. per scuare inch of slider surface,

Poritsky, H.
A NOTE ON THE WORK DONE ON THE JOURNAL BY THE FORCES EXERTED BY
A COMPRESSIBLE LUBRICANT IN A JOURNAL BEARING. Trans. ASME, (J.
Basic Engng.), vol. 84 D, no. 4, pp. 486-90. (December 1962).

In the study of dynamical stability of a rotor supported in journal
bearings with & compressible lubricant, while the complete calcula=~
tion of forces on the journal is quite difficult, certain relations
regarding these forces can be obtained in a relatively simple mannper.
in particular, an interésting relation is established connecting the
rate at whieh the bearing reaction forces do work on the rotoZ, and
the rate at which the Tubricant is escaping from thée bearing. As a
speciak case, for "apn infinitely long" besaring in which the "end
effects” are neglécted and the motion of tha £luid is .assumed normal
to the axis,; one proves from this relation that the work done by the
lubricant forces on the jeurnal always vanishes. Under thése condi-
tions it can be shown that the equilibrium position of the journal
center, for the steady 1oad on the journal under consideration, is
always stable, no matter what is the speed of rotation. This points
to the conclusion that the infinivély long bearing theory forms a
poor approximation for consideration of instability of a rotor bear-
ing system.

Powell, J.W.
HYDRCDYNAMIC E%FECTS Iﬁ,ﬁYDR?STATIC GAS BEARI%SS. Engineer,
vol. 2184, no. 5557, pp. 148-~50., {(July 27, 19€2).

The author describes the results of varicus tests on an externally
pressurized gas journal bearing having a diameter of two inches and
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was varied from 0 to 50 ib/sq in. Severa

“The regions of stabil i’y for

rere usad and the a
le the supply nres
shafts were used giving a
clearance raunge from 0,56 x 1073 o 1.53 x 103 ipches. The &gsuits
are expressed in terms of a load coefficient Ty and a compressibility
number K where ¢, = 1oaaf€5103ectea bearing area x gauge supply
pressure} and A =644U0/pc%, where AL is the viscosity, a
is the bearing radius, U is the surface spesd, P is the supply pres-
sure and ¢ is the mean radial clearance, It was found that G was
proportioned to /A for any given value of eccentricity and that

the load carrying capacity of this type of bearing when rotating may
he much as three times as large as its value when it is stationary.

b, ¥
i

Powell, J.W., and N. Tully,
WHIRL INSTARILITY OF EXTERNALLY PRESSURIZED GAS JOURNAL BEARINGS -
Engineer, vol. 213, no. 5553, pp. 1121i-2., (June 29, 1952).

The upper 1limif of speed at which any shafi system may be operated
in gas journal bearings is invariably set by some form of unstable
whirl, 1In the experiments described, the whirl fregquency always
corresponded to the lowest natural frequency of the roter mass and
the bearing spring stiffness, and the onset of whirl occurred at
shaft -speeds vwhich were integral multiples of the natural frequency.

The whirl is therefore termed "fractional spzed whiri" .and observa-

tiors were made of whirl at between -one-third and cne~seventh shaft -
speed. ] - - -

Rentzepis; G.M, and Beno bturnllcht ' : =
ON THE STABILITY OF ROTORS 1IN CYLINDRICAL 7DGRYAL EEARINGS. :
Trans. ASME (J, :Basic Engng .), vol, 84 D, p 321«;32.’ - :
{December 1562), B ’ ‘ '

lain cylindrical journsl bearings have
n this paper. The linear vz latlonal‘

e 13

been determined analytically

-equation of motion has been 2ugloveé to obtain the stability regions

bounded by families of load-carrying ca_§c1n}‘ane~ogcrvt1n¢-acceﬁ—
tricity curves. The results vere applied to the "guasi-static” T
equilibrium céase for gas lubricated cylindrical journal bearings of

1/D = 2. They show that there exists a “minimum” in the stability . :
curves, a prediction supported by experimental evidence, The results :
of this work seem tolridge together observation on stability at very =
small clearances and large ones, - : . C 3
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The whirl hysteresis region
the rhreshold are examined,
- tude self-éxcited whiri afe

“Rylander, H.G, and K.Y, Li.

PERFORMANCE (QF ZQLIO-FIiM
AS%E Paper &2-LIB5-13,
(Abstract in ﬁech Engﬁg.; vole e», 00.. 9, p. 5

GAS-LIQUID LUBRICANIS,

{Séptember 1962
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Thne pressure and temperalurs distributicns using gas, oil, and multl
phase lubricants in & journal bearing and numerical compuber Solu~
P : E
tions used to solve the Reynolds aequation and general energy sqgustic
for pressure and temperature disiributions, respectively, are de-
seribed, The sclutions given are said to include the effects of
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"~ ON THE HYDRODYNAMICALLY SUPPORTED MAGNETIC' RECORDING TEAD,

temperature and pressure on viscosity and the effecis of comprassi-
bility and flow work on the tewparature, BRelative performance of i
180° combination hydrodynamic-hydrostatic bearing is discussed by
comparing the ¢ccentricity and cosfficient of friction at different
£ 3
Sommerfeld numbers for various lubricants.

Salbu, Erik
PRELIMINARY REPORT ON SQUEEZE BEARIN

oy :'._a

% ;“
ines Gorp. 1BM Research Note, QOc
ract Nonr 3445(4G).

o
8
e

riz
3]
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The claim is made that the validity of the isothermal assumption in
gas bearings has been proven, and that the existing solutions of the
“squezze part® of the Reynolds equation have been verified. When

the squeeze action is present, through relative normal motion between
bearing surfaces in a gas Bearing, the second order effect at high
squeeze numbers will result in z net positive film force, hence, the
"squeeze bearinz. The squéeze bearing in itself ig a very efficient
bearing with high load-carrving capacity at high operating clearances.
This reduces machining requirements znd costs measurably. Both thrust
and journal squeeze bearings are possible and appear Lo have numercus
praciical appliecatiens. Pieze electric materials sesm to be an effi-
cient and inexpensive way of solving the problem of driving sources
‘although a power supply is required to ge: the squeeze bearing effect.
The power consumption is low, and, due to high operating clearances,
e viscgus frietion Tosses will be reduced. It is, therefore; -con—
‘ceivable that & squeeze beaving would be -even more efficient than a
‘hydredynamic bearing, i -

Scott, RK.D, - - - R

. ASME - ASLE Paper-62-LUB~11. - § pages. “(Abstract in
Hech, Eﬁgng—., VolL B2, fio. 10, p. 72, (October 1962).)
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Shawbrook, Hency and D.G.A. Thomas.
IMPROVEMENTS 1IN DYNAMIC GAS BEARINGS. British Pate
(to Dowtry Fue; Systems Ltd.). Applied July 1} 1958

form z. substantially friction-free and wear=free bearing., The ob-

-

ject of the present invention is to provide -2 simple axial thrust

‘bearing fof use with a dynamic gas h35r1n2 of the kind referred to.

What is claimed is a uynamlc gas bearing of the kind referred to
comprising an extension from one end of the sieeve enclosing either

the end of the shaft or a shahlﬁef on. the shaft to form a working
space, 3 vent in the sleeve adapted to carry gas from the working

space to 3 low nressure gene, this vent

ally closed by the end or t

is in its desired axial pos

space at a position not
pply passage adapted to

su
port, 0 tnat in operation ga
space s

adapted: to be part]
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Sheinberg, S.A.
A GAS LUBRICATED BEaRY
October 13, 1961, 5;::—
Izoh etenii (USSR}, no. 1
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bility of the shaft in rotation and the ease of starting, a longitu-
dinal groove is made in the sleeve, which supplies gas through the
above mentioned aperture, and in the wall of the sleeve, opposite
the longitudinal groove, supplementary curved grooves with capillary
apertures for the gas supply are made, The finished form of the
bearing is distinguished by the fact that in order to simplify manu-
facture of the apertures, two annular capillary borings, having an
cperating cross section smaller than the operating cross section of
the supply apertures, are made at the ends of the bearing.

62-102 Slater, J.M.
EXOTIC GYROS -~ WHAT THEY OFFER, WHERE THEY STAND. Control
Engng., vol, 2, no. 11, pp. 92-97, (Nov...er 1362).

awan 140 5000

A discussion of the status, advantages; and problems of free-rcotor
gyros, specifically covers the following: (1) autolubricated (self-
acting) gas bearings, (2) electrostatic support with the aid of a
servpsystem, and (3) magnetic support of a superconductive body
under cryogenic conditionms,

BAE G b R bbb 15 G AR

62-1Q3 Speen, G.B.
PRESSURE AND FLOW STUDIES OF AN EXPERIMENTAL EXTERNALLY
PRESSURIZED GAS LUBRICATED BEARING. ASLE Trans., vol. 5, no. 1,
. 282-53, (April 1962). T

it

t
kv

This paper describes the results of pressure distribution measure- -
ménts made with the combined thrust and journal bearing. The common
radius of the thrust and jourmal Dearings was approximately 2.25 :
inches and a supply pressure of 139 1b/sq. in, was used for loads :
between 10 and 75 1bs. It was found that greater thrust stiffnesses 3
could be obtdined with the integral design which also has a wider
range of stable operation,
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Speen, G.B. and J.M. Grant.
OMNI-DIRECTIORAL SUPPORT OF SPHERES USING EXTERFALLY PRESSURIZED
GAS LUBRICATED BEARING PADS. ASLE Trams., vol. 5, no. 2,
op. 3?>-u4 (November 1962},

The advantages of using a multiplicity of externally pressurized gas
lubricated thrust bearing pads to completely support a sphere are
sseé. The minimum number (six) of pads that can provide all-
axis, iscclastic support must be arranged in three opposed pairs to
& mut uazl' rthogonal system. Analytical expressions for the
ioad capacity of such a system are given. It is proven that only
this type of support system {six pads or multiples thereof) can prs-
vide isoelastic support. An experimental apparatus, used to deter-
mine the operational properties of a six-pad spherical support systenm, -
is described, Experimental curves of sphere deflection vs. source
pressure for various loads are given and compared with theory.
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Stanley, 1., -
AEBQDYNAMIC FILMS BETIWEEN CARBON BRUSHES AND SLIP-RINGS.
Wear, vol. 5, no. 5, pp. 363-377. (September/October 1962}

Experiments have been made to determine the conditions under which
air films are formed between electrographite brushes and slip-rings.
It is shown that aerodynamic pressures both above and below atmos-
pheric can exist when the grhsh is inclined to the slip-ring at
anglies between Ixi0~ -3 and 5x102 rad. The prassure has a maximum
value at 7x1073 rad, which remairs unchanged at loads and speeds up
to 1 kg and 3,000 tm.ﬁec“l respectively. The aerodynamic pressure
may become }arﬁe enough to support the lcad completely at loads be-
low 100 g; the brush then behaves approximately as predicted by
simple hydrodynamic theory. Heavy loads are only partly supported
by the air films and the pressures only agree with theory at angles
larger than about 9x10-3, At smaller zngles the pressurss are very
much lower than those predicted and it is shown that the discrepancy
can be gualitatively explained when the influence of compressibility :
of the air is taken into account. Various methods for reducing the

pressure beneath brushes are described. A porous brush grade reduces
the air pressure by 58%; holes and various combinations of slots in

the brush resylt in 2 maximum decrease of 91%.

-

Stack, K.W. P
THE DESIGN OF VARIOUS TYPES OF AIR BEARINGS FOR SIMULATING i =
FRIGTIONLESS ENVIROMMENTS, National Advisory Council for
Aeronautics. Report T.N.D.-1100, May 1942,

i

w

Although thers is some justification for quoting coefficients of
friction for hydrodynamic bearings since both 1pad and £rictiob are
functions of speed, thke practice is confusing ir the case of hydio-
static bearings, since the friction tends to zern as the speed de-
creases. An exampie of this is given in this report in nhlcb a
coefficient of friction of 4.06 x 107 6 i guoted, Aft discussing
and analyzing the characteristics of varisus types of exieraaiiy
;resauri?eé gas bearings, the author describes two designs which

tested but unfortunately no comparison with predicted
agé exsarimiata; results is made. Only low supply pressures {(i.e.
4 to 8 ib/sqg in) were used and no attempt fo allow for compressi-

- : )

m

FS
£

lﬁ’
I’D
In)
[t
[+
[
e
ol
.y
[y
jon]
[~ 1]
e

GAS LUBRICATED BEARINGS, U. 8. Patent 3,058,785. {(to Joseph
Lucas Industries, Ltd.). Applied September 14, 1960. Issued
QOctober 16, 19682, Applied Great Britain September 21, 1953,
This invention relates to air or other gas lubricated bearings for
use with shafts which are intended to rotate at very high speeds,
for example, 200,000 revolutions per minute. The bearing has a i =
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cylindrieal journal bear rings are shown and compared with theory.
The threshold of instabiliiv as a function of groove location,
number of grooves and orifices, ete., is also discussed., It is
r2du9n891} well known that grooves reduce the hydrodvnamic load-

rrying capacity. Theoretical analyses are included which give
loaé carrying capacity as a function of groove location.

StevenSén, G.H. and Lazar Liecht,
EXPERIMENTAL DETERMINATION OF STABILITY BGUNDARIES FOR AN
EXTERNMALLY-PRESSURIZED, GAS-LUBRICATED THRUST BEARING. Franklin
Institure Laboratories for Research and Development. Heport
I-A2049-1; TID-15340, February 1962, Contracts Nonr-2342(00)

——

and AT(30-1)-2585, AD-272 899.

Tests were made to determine the stability boundaries of a 5-i
diameter thrust bearing having a recess diameter of one inch, Lsaés
up to 600 1bs, were spplied and the maximum value of the supply
pressure was 100 1b./sq. in, Varicus recess depths from 0.0073

inch to 0.1 iInch were used and the total throat area of the nozzl
supplying ccmaresseé air to the recess was varied from 3.876 x 23“3
to G.732 x 10-2 sq. in. It was found that a small recess volume,

a large throat area and z small supported load, generally tended to
increasz the stable region and that there was always a limiting
supply pressure beleow which the bearing was stable for all the loads
whieh it could support, 1In addition, it was Found that the pressure
fluctuations .accompanying the instabilities were transmitted upstiream
beyond the nozzles supplying the recess when large throat areas wers
used and there were indications that inertia fiuid forces became sig-
nificant when the oscillations had a large amplitude. »

Tang, 1.0, and W.A. Gross.
ARALYSTIS AND DESIGH OF EXTERMALLY PRESSURIZED GAS BEARINGS.
ASLE Trans., vol. 3, no. 1. pp. 261-84%. {april 1962).

Egquations for fiow rat e, pressure ipad, and stiffness of externally
pressurized thrust ang Jjou gs are given for purely viscous,
1sothermai gas fiims with i 1 or radial ficw and no relative
surzace matign. %haztsv esented b_ means of whie the bearing
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thﬁ aa_riﬁg configuration, and t“e ratlc sf sapyly *9 amb eﬁt pres-
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(EWEST ON THE HANDLING HORIZON: UNIT LOADS THAT WALK ON alR
- .

Modern Mater, Handl., vol., 17, no. 9, pp.

Now in the testing phase, the air-film method of handling is preving
that man can out-perform a 1ift truek in short-haul handling, Proto-
type tesis indicate handsome savings in dock and carrier operations.

Thomason, H.E.
SERVO LOOGP DESIGN FOR AIR BEARING INERTIAL COMPONERIS.
NASA TN g, 1

l:ﬂ
|....m
oo
Ik

This repcrt is a en“;*ehexsive discussion of the problems, boith
analyticail and practical, encountered in designing the slectronics
f£or air bearing inertial components. The analytical problems are
treated both by ¢lassical and transform methods., Extensive uss is
made of Laplace transformations, Nvquist and Bode analvsis. Results
from these seversl mesthods are presented in the f»o £ granhs and

oo

plots where appropriate in the text, A functiena? 5i$eu
various electronic subassembiies points o
zation problems oteur. These problems are t*eatec in SEquepce as t
arise in the servo loop starting at the tra rs at t
torguers. Im each instance the design ”snsideraticﬁs incinéing the
major problem areas and their practical solutions, ate presented.
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Tipei, Nicolae
THEORY OF LUBRICATICN, edi
Press, Stanford, Calif., 1
edition).

ted by W.A. Gross. S3Sta
952, {Translation of 18

Subjects covered include £ull range of hydrodynamic lubrication
theory - dry f£riction, lubricants, and ziiding bearlﬁgs. Rolling
element bearings are not coversd. 3S1iding bearings are coversad
very complietely, most of the material representing originsl work
by the author. Bearings with constant forces and velpocities are
treated ss two-dimensional problems {infinitely long besarings) and
as three-dimensional problems {finite length bearings)., Solutions
for variable lubricant viscosity are consideres in detaii. Also
treated are partial fitted journmal bearings, syueeze f£ilms, £iim
stability under cyclic and centrifugal loading, gas Iubrications,
and turbulence, The author’s approach to every topic is highly
analytical, and the format of book is such as to make it Jifficui:
to select pertinent results for application. Li use is made
of vector and fensor analysis. Many ideas and &35 shouid be
found helpful and useful by mathematically in chers,
Scme approximate Solutions using power series useful
fsr computer solutions to bearing problems.
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Tunstall, John

Engineers at the Nationai Engineering Lab in Scotland recentiy com-

pleted z prototype medium size vertical milling machine with compotnd
slideways mounted on automatically compensating hydrostatic zir bear-
ings {pif{ch and azimuth}. Effect of the compensation is to give the

pi
H gquivalent stiffness approaching & million 1b/in, Development

(23

avls
hydrodynamic gas bearings Is still slowed by lack of instability
53

o]
<7

data, It is said that cecent tests have establisked the vaiidity of
theories describing steadily loaded bearings at high compressibility
numbers {around 6 to 12). Unstable loading conditions can now be
investigated using the new-found stability data at fsedback. Several

applications of the hydcodynamic bearings zre under study, including
& 400-spindle textile machine, gyroscopes for missiles; and gas

circulzators for nuclear power.

Turnblade, R.C,
THE DESION OF EXTERNALLY PRESSIRIZED GAS LIBRICATED BEARINGS
BY THE METHOD OF BEARING BOUIVALENCE. ASLE Trans., vol. 3,
no. 2, pp. 385-%1. {(November 1952). B
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dering the generzl form of the streasiines be
& 3 rnally pressurized bearing, it is
zetry of & rectangular bearing which has
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mass £ t 2 wi
conditions for similarity, the author studies a combinsd thrust and
journal bearing for z shaft. The eguivalent rectangular bearin

i 3 :

£
for the thrust bearing is derived zand its predicted stsady state
su b

ctual bearing., Gooé agresment was obtzained and in wview of tie

£ for
comz s )
difficult teo pradict the per-
-
Z
H

2
be of zome vzlue to design engineers.

= -
INVESTIGATION OF CONDENSING VAPOR LUBRICATED SELF-ACTING JOURMAL
xetdyne Corp. Anpual report ;

3 £
Sextember 35, 1362, Novewber 33, 1962, CLontract

$nd =3 -‘2

NonrT-36317{05),
The operating characteristies of condensing-wvapor, seif-acting Jour-
nzi bearings were imvestigated analytically and = stean bearing ex~
periment was initiated. Thermohydrodynamic considerstions suggest
the isothermal equilibriup behavior of the lubricant. *Linsarized
pht® analyses are carried out for an infinite and a finite heat trans-—
fer model. For the infinite length, iscthermal, £ull plain journal £




i
[
4]
bt
_...u.

(7]

6w
b

]
[l

[P ]
UM
e

i
Fr
. [44]
I
Tkp 1t il ___..“_ e Bl
,nw bd T I
. wom ol {3 By gn o el 8
... o] yoof ‘_ r
__m“" gy
i $ol
T |
fu hd
o .
Wom
1]
bl
) L
LI P
[T -
. ,J 1]
| [\ T
W
! 1) \wn
*

. wl A0 W (A VL
, b ool ._ﬁ Wy el 1)
. b A I e et el
_ g W T L I ITC B b w G

s i,
¢ g N I __“ _“ny




62-121
£2~122
62-123

R s, VL PR o e e e —mme—e s

e
(]

Whirlsy, 3tanley and LG, ¥il
IMPROVEMENTS IN OR RELATING TC THRUST BEARINGS. British Patent
887,695. (to United Kingdom Atomic Energy Authority), Issued

January 24, 1962,

14 nmne
i3

exaxn 3

A gas lubricated thrust bearing is designed which is of simplified
construction, The bearing comprises two optically flat plates hav-
ing on one plate a series of three or more radial feed grooves and
a series of arc-shaped concentric viscosity grooves which terminate
before the next feed groove is reached,

Whitley, Stanley, A.J. Beowhill and P. McEwan,
HALF-SPEED WHIRL AND LOAD CAPACITY GF HYDRODYNAMIC GAS JOURNAL
BEARINGE, Proc, Instn, Mech. Engrs., vwvol, 176, no. 22,
pp. 554-801. (1962), .

A phenomenological theorw of the half-speed whirl of gas bearings is
developed; it predicts the existence of Four modes of whirl which
depend variously on the mass and transverse inertia of the bearing
and on the mass and transverse inertia of the shaft. All four modes
of whirl have been distinguished expeérimentally and related to each
other theoretically. From these measuremenis, it is shown that the
haif-speed whirl properties of a plain bearing can be conziderably
improved by cutting an axial slot in the bearing. Further improve-
ment, if required, can be effected by introducing an ovality into
the becaring or cutting ci’cumferential grooves in it, The intro-
ducticn of these anii-whirl devices, hawever, reduces the load
capacity, although measursments have shown tie effect is not serious
except for the circumferentizlly grooved bearing.

.

it
1

i
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Whitley, Stanley and L.G, Williams,
PRINCIPLES OF GAS-LUBRICATED SHAFT SEALS. J, Mech, Engng.
Sei,, vol. &, no. 2; p. 177. {(June 1962},

¥our types of gas lubricated seals for rotating shafts are described,
each based on x corresponding type of gas bearing, Theqe seals are
the hydrodynamic disc seal (based on the spiral-groove thrust plate),
the hydrostatic dise seal (based on a hydrostatic fuil-face thrust
plate}, the hydrodynamic sleeve seal (based on a hydrodypamic full
Journal Fearln,), and the hydrostatic slieeve secal (based on a hydro-
static journal bearing. Each seal consists of two parts, a gas bear-
ing region and a gland region, The gas bearing region must provide

a gas film of the correct thickness between the seal surface, and
this film must be sufficiently stiff to prevent excessive vibration.
The gland wegien, "hich is the seal proper, must restrict the £low

of gas into and out of the sealed system to a minimum acceptable
standard. The theory of the gas bearing region of the seals is based
on standard gas bearing principles and these have been suxmarized
inte a form suitable for sesal application. The theory of the gland E i
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region is that of gas flow bétween parallel surfaces and thi
described only in the viscous flow regime, To clarify the prin
plzs cf the seals, examples are given of the design of ezeh type
of ssal for use on a 2-in. diameter shaft operating at 500( rav
with zero pressure in tbe sealed system,

Wlemg A., R, Lehmann and R. Rogal. .
ITHEORY AND USE OF AIR BEARINGS: PARTS 1 AND 24, EI
THEOQIF UND ANWENDUNG VI [,UFTLAGERN. TEIL I UND TEIL

German). Maschinenbautechnik, vel. 10, no. 12, pp. &

(December 1961); vol, 11, ro, 1., pp. 24-27. (aaﬁuary

The general principles behind air bearings are described and charts
given to permlf the estimation of 1if%t and consumption of air for
£lat plates, 7This allows (25 an example) friction-free movement of
heavy parts, A fully seif-aligning knuckle joint is shown and also
th= replacement »f a conical pivot by an air bearing. A small tur-
bine bearing taking radial lecaé and thrust, 20-mm diam, 125,000
rpm is illustrated, though this vibrated ln sSpite of every effcrt.
Wilson, D.G.

AMERICAN REWSLETTER., Chartered Mech, Engr., vol, 9, nu. 6,

pp. 336-338. (June 1%52).

Fluid pearings ar¢ now being seriously considered in a variety of
applications, Perhaps -one of the less obvious ones makes use of

the greater accuracy of alignment and the inherent vibration damp-
ing characteristics of air bearings., These, in linear form, have
contributed to the success of General Dynamics electronically con-
trolled welding machine, This is capabie of joiring metals wown

to §.003 in, thick. The quality of the welds shcws a grea. improve-
ment over thuse cbtained with the conventional raller~bearing mounted
carriage, mainly because the splidifying metal is not disturbed by
vibratien and because of the greater accuracy of alignment of the
head, The bearing gaps used are from J,0001 in. to 0.001 in. wide
with shop air supplied at 5 tn 55 p.s.i.g.; the cost of air for
supporting s load of 1800 1b, for an eight-hour day is reckoned to
be less thaw a hglfpenny. Other air bearing applications planned
include the support of a large radio felescope.

inn, L.W. and Beno Sternlicht.
THE lﬂﬁﬂ CARRYING CAPACITY AND STABILITY OF HYBRID GAS BEAR-

ING Generxl Electric Co. Engineering Report TR RH2ATS,
March 11, 1962

A Navy-supported theorstical and experimental investigation of in-
stabilities occurring in a rator-bearing system, ineluding critical
pneuinatic hammer is discussedé. Resulis of testing performed on

-89-
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externally pressurized air bearings of L/D ratics of 1 ané 0.5 are

described and compared with analytically calculated values of Inad
carrying capacify and system criticals. An analyti2al metbad of

-devermining fractional frequency whirl (destructive form of itsta-
bility closely related to half-frequency whirl of self-acting bear-

ings) is alsec given.

Wood, Nat .
DRAMATIC AIR BEARING IMPROVES WELDIRG 50%; ‘'FLOATS' HEAVY
MACHINERY, CUSHIONS EXPLOSIVE FORMING. Western Metalworking,
vol, 20, no. 4, pp. 25-7. {April 1962). '

A precision friction-free air bearing is used hy General Dyaswics/
Astronautics engineers to move equipment o carry atraight line
welders to improve wzlding of extremely thin mateyisls,; to studv
weightlessness and as protective cushioning in forming operatione.
The bearing résembles a simple platform. Pigh nressire air is
forced inte a series of channels underneath.

Wunsch, H.L. . }
LUBRICATION WITH AIR, -Certif, Zagr,, vel, 35, no. #, p. 145,
{April 1962). i

Air bearings are proving their value in a wide range of ¢ses, Their

special properties have aided; for 2xasple, the nuclear power

engineer, the missile designer ang the -measuring iustrumeni manuisc~

turer; and they show muc¢h promise for machine tool appiicatioms.
Thelr principles and prospects, advantages and disadvantages arg -
discussed.

Wunsch, H.L.
DESIGN AND APPLICATIONS OF AIR BEARINGS, Engincering
vol. 194, no. 5030, pp. 345-8. (Septeuder 14, 1952},

e |

1is paper describes the basic principles of the two types of air
pearings, self-acting and externally-pressurized. The advautages
and disadvantages associated with the operation of self-acting

bearings are alsc given. There is a discussion of the load capaCity

of these bearings and applications, such as for mzchine tool and
instruments, are described.
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Wunsch, H,L,

PROFERTIES AND APPLICATIONS OF EXTERNALLY PRESSURIZED AIR BEAR-
INGS. Sci. Lub,, wvol, 14, no. &, pp. 12-23, {Arril 195%),

This paper is a review of the two types of air bearings, self-acting,
and externally pressurized, with particular ewmphaSis on the latter.
Advantages gand disadvantages of externzliy pressurized air bearings
are listed, There is a description of a test rig which may ba used
to cbtain practinal design data. The results of these tests are
summarized in the fovm of dJesign curves of bearing gap (or 1ift) and
against beuring load, The effects of orifice pocket dimension,
supply pressure, and orifice Jdiameter are shown, and conclusions as
ro ultimate load bearing capneity and bearing vtxffncss are drawn.

A mogifivation of the test rig, by ths addition of a vibration
generator and a displaczment pick-up, makes it possible te estimate
the beliavior of a bearing under dynamic lcading,

Yeh, T.F,
VISUDUS TORQUE IN SPHERICAL GAS BEARINGS. J. Aerospace Sei,,
vol, 7?9, no., Z, pp. 160-1, (February 1962),

This paper shows bow to czlculate viscous torque in a spherical gas
hearing when the bearing eccentricity, e, is taken into account,
Tor a2 nigh vaiune .of eccentricitv -— i,e., above ¢.53 -~ the error
introduced by neglecting the eccentricity effect is large, and
shuld not be neglected, An expression for the percentsge of this
error, which is introducad into the caleulaticns by assuming that
the radial clearance, h=constant, is aiso given. A complete ex-
pressien for viscoug torque in s spherical bearing when the sccen-
trizicty is taken intc consideration is given.




§3-001 Aiisaaev, H.G.
{COMPRESSIBILITY OF THE LUBRICATING GAS LAYER ]. O SDAVLIVANII
SMAZOCHROGO SLOYA GAZA.  (in Russian)., 1zv, Akad, Nauk 3SR,
Otd. 1ekh. Nauk, Mekh, i Mashinostr,, no, 2, pp. 153-15G.
(March-Aprii, 1963},

The problem of pressure distribution in a layer of lubricating gas
is considered. The investigation is limited to steady-state con-
ditions in the gas fiim.

63-002 Angell, P.T.
TRENDS IN SPACE FOWER AND ANTICIPATED LUBRICATION NEEDS.
Paper presented at the USAF Aerospace Fiuids and Lubricants
Couference, Session 1, San Antorio, Texas, April i6-19, 1963,

Tre ispoertant characteristics of representative turbopower systems
hairg developed to meet the increased needs for propulsive and

" auxiliary power for future space missions are described. Problems
and approaches <o lubrization of these systems are discussed, The
working fiuids used in both closed or copen cycle power systems are
choseri on the basis of the power level and operating temperature
spught, Alkali metals are preferable for higher temperature cpera-
tion, but probiems of heat trensfer, corrosion, andé structural
design mu¢t be sclved before systems using these fluids are avail-
able. Mercury is used at lower operating temperatures, and hydro-
gen-oxygen mixtures for shorter-time open-cycle applicztions. The
mequiremeéntg placedé on the bearings and 1ubricants by closed-cyile
systems ure determined by considering the pressures and tempera-
tures asscciated with the operating cycle. The Rankine operating
cycle coperates with a fiuid in the temperature range where there
is 5 liquid-vapor phase change, whereas the Brayton cycle operates
with the fiuid entirvely in the vapor Or gas phase, The use of the
working £luid as the lubricant iy Jesirable to eliminate seals and
lebricate the bearings within the system pt&ssu;e and temperaturse
range, This concept dictates the use of £iunid £ilm bearings, and
"although some operating and applicatior problems rewain, the suc-
cess demonstrated by the SNAP 1/SPUD 2500 hr test and repeated
epdurance tests of the Sunflowsr turbomachine shows that thers arve
no fundamental prabiems that will prévent achisvement of a one-year
1ife,

63~-003 Anonymous.
LUBRICATING WITH GAS. Chem. Week, vol. 92, no. 17, pp. 64-66.
I {April 27, 1963). —

Clark Bros. Co. (Olean, N.Y.), division of Dresser Industries, iInc.,
is designing what it says is the first prime mover to use gas-

ivbricated bearings. The unit, part of a prcject to develop compast
power conversion equipmeznt for mobile U.S. Army nuclear power plants,
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inciudes a gas turbine and centrifugal compressor-equipment opera-
ting in many TPI plants. 1t : unit, like the water-lubricated com-
pressors for oxygsn service ée?elspeé by Elliott Co., division of

Carrier Corp., is aimed at preventing oil leakage into the process
stream, In the mobile miclear power plant, hot nitrogen is used as

the karxlng fluid that expands in the turbine and provides ener
drive compressor and load, However, in an emergency, ¥
the turbine-compressgr set could operate on air, rathe
gen. 1In the turbine-compressor system, nitrogen is compressed
% to 24 ztmospheres. It then passes through a recuperator where it
picks up heat from the turbine exhaust. (Final unit in the experi-
mental system is an oil-fired heater that simulates nuclear reactor
heat}. The system is designed to generate more than 800 hp., yet
will weigh less than 1 ton.,

AnORYROUS.
GAS BEARING TURBINE FLOWMETER. Engineer, vol, 216, no. 55631,
1673, {(December 27, 1953).

"
L

The turbine is supported by gas bearings and these are normally sup-
plied with the same gas as that being metered in order to avoid con-~

tamination; the flow requirement of the bearings is less than 8.5%
of the maximum metered flow. Tysical operating pressures are up to
400 1b./ s¢. in. gauge and temporatures up to 304°C, The lower limit
of operating temperature is cefined by the liguefaction temperature
of the Eluid being metered. The flowmeter is produced in standard
sizes of 1 in. and 2 in, bore dimensions, and can be supplied with

urbine angles of 139, 20%, 300, 45°, and 60°, to match the appro-
priate £low rate, The turbines are interchangeable and the flow-
meters can be supplied with two or more turbines. Overazll accuracy
of the flowmeter is claimed to be normally better than 1% of the
rated maximum flow, when operated with a digital counter.

ANONYmMOUS,

LOAD 'FLOATS' INTO VAN ON LOW AIR PRESSURE. Steel, vol. 152,

no, 1%, p. 81. (March 25, 1963).
Nearly frictionless movement of loads into and out of a van type
trailer has been demonstrated by Clark Equipment Co., Buchanan, Mich.
The 1pad floats on low pressure air, Without additional equipment,
one man can unload or ioad the contents of a 20 ton capacity traiier.
The floor of the trailer and the loading dock area are plenum cham-
bers that carry low pressure air, Ball valves hold the air within
the chamber; when they are depressed siightly by the palletized load,
they allow the air to 2scape in a thin film, 1ifting the load from
direct contact, While the van is moving over the road, the zair is
shut off, and the loads rest on the floor and show no tendency to
skid., The unit, called Load Glide Air-In-Floor, is a further de-

relopment of an air supported load system announceé last May.
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Anonymous,
fATR CUSHIONS AS CONVEYING MEANS]. LUFTKISSEN ALS FOERDERMITTEL.
{in German}). Werkstatt u Betrieb, vol. 9%, no. 10, p. 778.
{October 1863},

A pallet with stacked goods is lifted by compressed air just suffi-
ciently to eliminate adhesive friction with the floor so that the
load can be readily moved by hand into any desicred direction. The
compressed air flows from special valves when the pallet slides over
them, exerting pressure upon them. The pressure required depends on
the weight of the lpad and the type of Eloor surface and is, as a
rule, between 0.78 and 2.1 kg/cm”., This new device is called "Load
Glide™ and is available from Clark Equipment Co,

Anonymous.
TABLE FLOATS ON AIR BEARINGS WHILE TESTING QAO CONTROLS.¥
Mach. Design, vol. 35, no. 11, p. 106, (May 9, 1963).

Stabilization and control system for the Orbiting Astronomical Ob-
servatory has started a test program mounted on a unigque air bear-
ing table which weighs 5208 1bs. and is sensitive to 0.07 oz-in.

of unbalanced torque about any axis. The table sits upon & bear-
ing which floats in 2 socket through which compressed air is forced
at 26 psi, providing a 0.0001-in. air f£ilm support.

* QAQ stands for Orbiting Astronomical Observatory (NASA satellite)
schieduled to be launched in 1985,

Ausman, J.8.
LINEARIZED pH STABILITY THEORY FOK TRANSLATORY HALF-SPEED WHIRL
OF LONG, SELF-ACTING GAS LUBFICATED JOURNAL BEARINGS. Trans.
ASME (3. Basic Engng.}, vol. 85 D, no. 4, pp. 611-19,
{December 1963).

The linearized pH approximation to the time-dependent Reynolds equa-
tion is solved simultanecusly with the equations of motion for a
rotating journal shaft supported by a rigidly mounted bearing sieeve.
Given the two bearing parameters M Cﬁ)z

2
6uw R =
A: -L—T— and ﬂ -
a critieal operating eccentricity ratic is determined below which
the bearing is unstable and above which the bearing is stable.
Whirl frequency of the threshold point is computed to be equal to

or slightly less than one-half rotor speed,

-9l
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The bearings are made of nitrided steel. The design of the entire
system is discussed, as well as experimental trests and resulzs.
During the tests, the journal bearings were run at high temperatures
and under certain conditions there were temperature differences of
up to 70°C between one end and the other of the impeller side bear-
ing. Starting and stopping was carried out without any i1l effects
at 2 temperature difference of at least 407 in the bearings., There
were no noticeable effects op the bearings due to aercdynamic forces
on the impeller and magnetic forces of the motor at full power.
During the testing there were some bearing failures, Thrust bearing
instability caused by insufficient thrust was blamed for most of
these, A contactless touch-indicafor was developed which shows the
slightest metallic contact and can be used for occasional checking
of the bearings during the 1ife of the reactor.

{Note: With slight additions this pager is also published in:
ROTATING MACHINERY POR GAS-COOLED REACTOR APPLICATION, PROCEEDINGS
OF MEETING, Gatlinburg, Tennessee, November 4-6, 1553, \gsn-,taﬁ
by Oak Ridge XNational Laboratory, May 1964, '13—?595. pp. 1E9-
The addition consists of a 500-worgd hista*z al descripticn of the
“Development of Gas-Lubricated Bearings™ during a ten-year peri

{1853-1553) at the UEAEE,)}

Brown, L.T.
Gé: LUBRICATED BEARING &
Applied February 13, 1

This invention relates to z gas iubricateéed aea:isg system which has

a transitional gperation im hoth the bydrodynamic and hydrostati

modes. The invention comprises z hydrodynamic w&ﬂﬁ&-t??& bearing

in which a bearing has formed on its internal circumference at least
g

is a
ongitudinal step oportion and has

one internal 1 a journal member
mounted for rotation therein with a mechanical clearance thersfrom.
A source of pressurized gas is provided with a porous metal oublet
for the gas, coplanar with the imner surface of the bearing, and
substantially coextensive in length with the bearing. A transduc-
ing means is mipunted on the bearing which monitors the displace-~
ment of the journal from its normal hydrodynamic operating position
and is operable to initiate gas fiow from the source of pressurized
gas to the outliet whenever additional lubricating gas is resquired
to support the journal,
Bul*eley, P.Z. and ¥_E. Langlois.

ECUATIONS OF MOTION FOR THE AIR-LUBRICATED FLEXIBLE DISC,

International Business Machines Corp., Report BJ-233,

January 7, 1963, Contracr Honr 3G48(00),
Equations are formulated for tne mution of a spinning elastic disc
over an air bearing, Some approximation methods are iadicated,
bui no detsziled soluticns are carried out.

i
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generaily have the feature of being able fo function in only one

direction of the passage of gir. The present invention has as

its object to remedy this disadvantage by alliowing pulverization
£ 011 in the air, whatever the direction of passage of the fiuid,

The invention relates o a symmetrically operating air lubricator
characterised by the features that it comprises: g main channel
inteérposad by its ends in the piping for the air t¢ be lubrieat
2 branch channel spening at its ends into two points of the main
channel, a pressiure charbzsr Intérposed in the branch channel and
having a larger cross-section than the latter and a receptacie
which contains a supply of 1iguid lubricant and is connected io
the pressure chamber for delivering the lubricant to a distributing
device, leading it to the main piping.
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(
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s
e
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Constantinescu, Y.XN..
IEFPECT OF METHOD OF VARYING LUBRICAKT FIIM THICKNESS OX
OPERATING CHARACTERISTICS OF GAS LUBRICATED BEARINGL
VLIYANIT SPOSOBA IZMENENIVA TOLSHOHINY SMAZOCHNOGO SIOYA NA -
KHARACTERISTIKI RABOTY PODSHIPNIKOY S GAZOVOIL SMAZHOI

Russian}. Rev, Mecan. App5l., vol. 8, no. 1, pp. 47- 953},

The author compares the operating characteristies of ten principal
design tyvpesof thrust gas bearings. These are evaluated in terms
of their optimum performance at varipus speeds.

Constantinescu, Y.K.

THEORY OF TURBULENT LUBRICATION. International Symposiusz on
Lubrication and ¥Wear, Preocesdings, Houston, Jupe 1263,
¥MeCutchan Publishing Corp., Berkeley, Salif, 1385, pp. 133-3

ient

3

Constantinescu, V.N.

SOME APPROXIMATE METHODS FOR CALCULATING GAS LUBRICATED JOURNA
BEARINGS. {in English). Rev. Mecan, &ppl., vol. 8, no. 2,
pp. 325-335. (1963).

With a slightly changed titie this articie was also presented in
e = - T oo Lol - - £ Fat gl . T
Trans, ASME (J, Basic Engpg.), vol, 85 D, no. 3, po. 475-7.
x e = <
{September 1363). (See no. 83-021}
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63-025

63-0286

bearing types are described, The photomechaniceal production of
thirust beaving featvres is outlined, The problems of thrust

runners are briefly treated. Operation of pivoted pad journal
beavings is examined, 'The pivoted pad bearing is not safe for
starting under load without pressurization, as is the full journal
bearing. {p~ration of thrust bearings is also examiped. Align-
ment, fluid flow, and attitude angle are briefly reviswed.

Dimoff, T. and B.F. Payne.
APPLICATION OF AIR BEARINGS T0 AN ELECTRGDYNAMIC VIBRATION
STANDARD. J. Reg., Nat. Bur. Stand,, (Engng, Instrum.),
vol., 67 G, no, &, pp. 327-33., (October ~ December 18&3),.

In an attampt to eliminate unwanted resonancesc and transverse
motions in an electvrodynamic exciter used as a vibration standard,
the mechanical suspension-guide for the moving element was re-
placed with air bearings. The transverse notions of this exciter
showed a distine® improvement over the transverse motions of the
exciters with f£lexure plate and tensioned wire supporte. The
improved stability of the moving element of the air-bearing ex-
citer made it possible to calibrate this exciter ~asily by an
interferometer method. Agreement betweer chree methods of cali-
bration, reciprocity, interferometer, and optical tavget,was v.ry
good., The results of calibrations of two types of pickups on
this modified standard are presented,

Dyer, R.F.
NEUTRON TIME-QF~FLIGHT SPECTROMETER DRIVE UNITS. United
Kingdom Atomic Energy Autherity, Research Group Report R 4214,
1963.

Difficulties were experienced with the original design of drive
units and this was mainly centered arcund the gas lubricated
journal bearings., Investigation showed that the design of the
bearing was fundamentally wrong, because for maximum strength
against displacement and torque the fezed hole was too large,
ratioc of bearing length to diameter was too low, bearing was not
seif-aligning and the radisl gap between shaft and jourrnal was
too large. A detailed description is given of the modifications
incorporated in the bearing and mounting design, followed by per-
formance figures for the new bearings showing their superiority
over the original design.

Elred, Jr., H.C.
THE THEORY OF PULSATING FLOW IN CONICAL NOZZLES, Trans. ASME,
... (J. Appl. Mech,), vol, 30 E, no. 1, pp. 1-6. (March 1963).

A knowledge of the dynamic characteristics of nozzies and orifices
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is important in many control and stability anhalyses of engineering
devices, £ 1is utsual to assume that the instantanepus flowrate,
for a giver set of inlet conditions and outlet pressure, is the

same as the nontransient value for the same operating conditions,
Recently, in comnection wirh the stability analysis of an externally
préssurized thrust bearing, the validity of this assumpticn was
questioned, The analysis oresented in this paper was undertaken to
provide an answer. The present analysis applies to any £fluid,

liquid or gas flowing Into a simple comical nozzle. The amplltude
and phase of the mass-flux response tc a sinusoidally time~varying
pressure fluctuation at the nozzle exit are determined. An approxi-
mate formula is given for these quantities in terms of the nozzle
throat area, che solid angle subtended by the cone, the velocity of
the f£luid at the nczzle throzt, the acoustic velocity at the throat,
and the frequency of the pressure fluctuation.

Eusepi, M.VW.
EXPERIMENTS ON A PARTIAL ARC SELF-ACTIKG GAS JOURNAL BEARING.
Mechanical Technology Inc., Technical Report, November 1963.
Contract Nonr-3730(00).

Operational characteristics of a rotor when supported on self-act-~
ing gas lubricated journal besarings are reported. Experimental
results for the evaluation of several parametric changes are noted.
Some of these parameters included in the investigation are elevated
ambient pressure up to 500 psig., clearance ratio, length-to-diame-~
ter ratio, bearing load. and bearing orientation.

Fox, G.R.
HYDROSTATIC BEARING. U. S. Patent 3,110,527. Applied October
29, 1959, 1Issued November 12, 1963,

This invention relates to externally pressurized gas lubricated
bearings having inherent stiffness te respond quickly to changes

in load. It also provides means for increased lubricant flow at
inereased bearing loads. The invention, briefliy stated, is directed
to an externally pressurized bearing including a journal, a bearing
surface enveloping the journal, a plurality of passages connecting
a plurality of openings in the bearing surface to a source of fiuid
and valve means associated with the passages for controiling the
flow of fluid through the passages in response to changes in bear-
ing loads. By incerporating special devices and structures in the
bearing, f£luids which may not possess what are commonly considered
good lubricating characteristics may be employed. The use of cer-
tain fluids such as gases is often dictated by high temperature,
high radiation environments, and by the need for a lubricant having
inherent low f£riction characteristics or by the need for non-
contaminating properties,

-101~




53-02% Fricker, H.W.
THE CHOICE OF GAS BEARING MATERIALS. O.E.C.D. High Temperature
Reactor Froject. Dragon Project Report 208, August 1963,

The influence of material properties on the performance of gas bear-
ings in the fully gas-borne state and during stopping and starting
were investigated, Metals, céramics, cermets, and plastice were
asialyzed for possible applications in gas bearings, ag well as for
the effect of various surface treatments on the performance of these
materialz, It ic suggested that good rubbing materiais be addpted
for use in gas bearings, The two most promising materials investi-
gateé were PIFE compounds and narbons or graphites, The latter have
the advantage of higher temperature resistance and are little af-
fected by atomic irradiation. Another possible development, which
i5 suggected for more investigation, is the use of dry lubricant
films, such as graphite, ﬁosz, and PIFE. For low temperature and
short time applications, films of liquid lubricants might cure un-
successful material combinations, A combination like tungsten
carbide-(Y132, properly cooled, would stand an uuusual amount of
overicading or underspeeding if used in a gas bearing, and its
reliability would be similar to a good oil lubricated bearing.

63-03C Gross, W.A.
GAS BEARINGS: A SURVEY, Wear, vol. 6, no. 6, pp. 423-443,
November/December 1953,

Previously (Internat, Sci, Technol., January 1963) the author has
approached the subject in more general terms, In the present sur-
vey he addresses himself to the specialist, A gas can lubricate
bearing surfaces just as a liguid can, but the unit loads that a
gas £ilm can support are puch lower because the viscosity of the
gas is several orders of magnitude lower than that of a liguid
lubricant. Sirce low viscosity means low friction, bearings run
on gas can move at tremendous speeds without overheating, Like
liquid lubrication theory, gas lubrication theory is well developed;
however, only recently have we had adequate mathematical toocls and
agequate experimental facilities for verifyimg it, Gas lubricants
are used in three basic bearing types: self-acting, externally
pressurized and squeeze~£ilm. They are being applied inm a variety
of machines, from imertial guidance gyros to computer memory SyS-—
tems. Once the dynamic properties are more completely evaluated,
gas f£ilm lubrication will be even more widely applied.
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Gunter, Jr., E.J,, V. Castelli and D.D, Fuller.
THZORETICAL ARD EXPERIMENTAL INVESTIGATION OF GAS-LUBRICATED,
PIVOTED-PAD JOURNAL BEARINGS, ASLE Tranms., vol. &, no. &4,
pp. 346-357, (October 1963).

Tnis paper presents scme of the theorstical predictions and experi-
mental results for the stzady-state characteristics of a gas~
lubricated, pivoted-pad journai bzaring of finite length. An

analytical expression for the prediction of load-carrying capacity
for these bearings is developed from numerical computer solutions.
Sample calculations are presented to show how the theoretical data
may be utilized in the design of an actual pivoted-pad bearing.,
Improvements over previous approximate theories arz discussed,

Gunter, Jr,, E.J.,and B.D. Fuller.
RECENT PFROGRESS ON THE DEVELOBMENT OF GAS-LUBRICATED BEARINGS
FOR HICH SPEED ROTATING MACHINERY, USAF Aerospace Fiuids and
lubricants Conferernce, Proceedings, San Antonio, Texas,

Aprii 16 - 19, 1963. pp. 487-508.

Preoblems that may be encountered when high-speed rotors are
operated on gas iubricated bearings are reviewed. Although cer-
tain of these difficulties are peculiar to the type of bearing
that is used, all gas lubricsted bearings have common characteris-~
tics of low damping and relatively low spring rates. The influ-
ence of gzs lubricated bearings on balance requirements, critical
rotor speeds, and the susceptibility of the rotor system to exter-
nal excitation, especially when near a critical speed, is dis-
cussed, The tilting-pad journal bearing shows much promise for
high-speed rotor applications and a comparison between theoretical
and experimental performance is given for load-carrying capacity
and optimum pivot positicn. The agreement betwean measured and
predicted wvalues of fiim thickness was good.

Gunter, Jr,, E.J., J.G, Hinkle and D.D, Fuller
THE APPLICATION OF GAS-LUBRICATED BEARINGS TO nIGH-SFPEED,
TURBG-MACHINERY. Franklin Institute Laboratories., Quarterly
Techaical Report §-A2352-3-8  December 1, 1982 to February
28, 1963, February 1883, TID-18924,

Studies were made on the design and analysis of both self-zcting and
externaglly-pressurized gas-lubricated bearings. A review of the
theoretical and experimental work performed on a self-zcting, gas
bearing rotor is presented. A four-inch diameter rotor was tested
at speeds up to 20,000 rpm. Hydrodynamic film thickness measure-
ments of the seif-acting piveted shoes were obtained for several
conditions of shoe load and various 2quivalent pivotr positions at
design speed of 18,000 rpm. An observation of apparent half-fre-
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63-053

63-054

53-055

G, 0

a iarge response to dynamic loading not only at about ore hslf of the
rotational speed, but also at two other frequencies, The importance
of these fluid £ilm resonances is discussed and also their relation-
ship to the pbenomenon of inversion for a rigld balanced rotor. An
experimental verification of the thecry is described in detail, in-
cluding the design of a new form of bearing apparatus, The experi-
mental resulilc confirm *he theory and show that it underestimates

the whirl onset speed by about four percent.

Meacher, J.S.
GAS LUBRZICATION OF BEARINGS AT HIGH TEMPERATURES, Stratos
Division, Fairchild Strates Corp. Technica! {locumentary report
ASD-TIR-62-634, February 1963, AF contract AF 33(657)B8216.

Externally pressurized gas-lubricated journal bearings 1.5 in. in
diameter and 2 in, in length and thrust bearings 1.5 in. in diame-
ter were tosted with nitrogen as the lubricant gas at temperatures
to 1200°F. A variable-inductance type proximity system was -pplied
tc the measurement of bearing operating clearances at temperatures
up to 1200%F. Clearances were measured under static nonrotating
conditions f£or a wide range of lubricant~supply pressures and bear-
ipg loads. Shaft motion was observed éuring high-speed rotating
tests indicating dynamic instabpility. The effects of lubricant-
supply pressure, loading, and temperature on the threshold of
instability were recorded. Correlation with theorstical predic-
tions of bearing load capacity, clearance, and wh’~1 threshoid was
examined.

i,

Mech, Christian
THE PRIMARY CIRCUIT GAS BEARING CIRCULATORS FOR THE DRAGON
REACTOR EXPERIMENT, Dragon Project Report 229, October 1563,
Paper presented at: Dragon Project Engineering Symposium,
Bournemouth, 21 - 2Z3 October 1963,

Gas bearings developed by Kateau are mainly applied in th. manufac-
ture of leak-tight circulators, In the Rateau techn e journal
bearings with multiple pre-loaded pads and multi-pad thrust bearings
with a selif~aligning feature are used., The paper givec further an
anaiysis of the circulators v-ed, and a detailed description of
their characterist ics,

Michael, ¥.A,
SMALL TRaNSIENT AND PERIODIC SQUEEZE MOTIONS IN PAR.’LEL GAS
FILMS. International Business Machines Corp. Report RJ 197,
September 25, 1963, Navy contract Nonr 3448(00).

A per.uarbation analysis is employed to f£ind pressure in a thin
gas film contained between two nearly parallel surfaces. The

-112-
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method is sufficientliy general to allow small but otherwise gquite
arbitrary tim -éeHEndent variations ° the sepgration of the sur-
faces, Thus film forces and moments may be obtaiped for periodic
or non-periodic motions of either rigid or £ exible surfaces, KNo
tangential motion is permitted, however, ;peck cases treated
in detail are several different motions of finite {(rectang

and infinite gas bevarings. Time constants for transient
are estimated.

63-056 Michael, W.A.
APPROXIMATE XETFGD: FOR TIME-DEPENDENT GAS-FILM LUBRICATION
PROBLEMS. Trams. ASME (J. Appl, “dech,), vol. 30 E, no. &4
pp. 309-517. (December 1963),

¥

Solution to the time-~dependent Reynolds equation fir compressible
fluids by several different equation techniques is analyzed from
the standpoint of computational stability and speed. The equation
iz rewritten in terms of a dimensionless variable M = PH where P
is dimensionless pressure and R is dimensicnless film thickness,
both functions of position and time, 1¢ authotr concludes that

the Crank-Nicolson formula, solved using the Newton-Raphson method,
is to be preferred because (1) it is always stable and (2) the com=- ;
put«tional sneed is 40 times or more faster than other methods
tested, Algorithms for applying this .method to one-dimensional and
two-dimensionazl slide bearings are .given. - Static, i.e, non-time-
dependent; sclutions are readily obtained as asymptotic solutions
beginning wich P = 1 at all points in the grid,

63-057  Moller, P.S,
RADIAL FLOW WITHOUT SWIRL BETWEEN PARALLEL DISCS. Aeronaut,
Quart,, vel. 14, no. 2, pp. 163-186, fIMay, 1963).

Analysis and experiment are presented for f£lows of concern to radial
diffuser and air bearings., Inter—al metheds (both laminar and tur-

bulent) prove quite adequatez when comparison is made with experimen-
tal results, The inlet separation bubble and critical Reynolds num-
ber are discussed,

63-058 Yontgomery, A G.

IMPROVEMENTS IK OR RELAT L*u TO FREE PISTON COMPRESSORS WITH GAS
BEARIEG;. British lPatent 823,732. (to United Kingdom Atomic
Energy Authority). Ag;}ieé May 26, 1961. 1Issved April 18, 1963,

This invention relates to free piston compressors incorporating gas
bearings for a rec;srocgtiﬂg piston and aims to provide a compressor
ign having the majority of the working p s enclosed

of improved de
cyl

a
within the t

si rt
iin ed to the

13
ider casing so as to be particularly sui
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€3-059

63~060

hangling of toxie fluid. The invention comprises a free piston gas
compressor in which a reciprocating piston is arranged to compress
gas inte 2 reservoir from which a proportion of compressed gas is
continuousiy w thdrawn to provide a hydrostatic gas bearing for the
piston.

s

Mori, Haruo
A THEORY OF AN EXTERMALLY PRESSURIZED CIRCULAR THRUST GAS
BEARING WITH CONSIDERATION OF THE EFFECTS OF LUBRICANT INERTIA,
Trans. ASME, (J. Basic Engng.), vol. 85 D, no. 2, pp. 304-310.
(June 1963),

An approximate solution of the axisymmetric laminar flow of a vis-
cous gas between two nearby parallel plates is developed. Com-
pressibility is considered as well as inertia of the lubricant.

The equation of state of a perfect gas is assumed. The result shows
& velocity distribution in the clearance in the shape of an elliptic
function rather than the parabolic distribution usually found in
other approximate sclutions., However little change is found in the
load~carrying capacity, The paper is followed by discussion by V.
N. Constantinescu,

Mori, Haruo, Yasunori Miyamatsu and Shigeru Sakats.
RESEARCH ON EXTERNALLY PRESSURIZED CIRCULAR THRUST GAS LUBRI-
CATEY BEARINGS. {in Japanese). Trans. Japan Soc. Mech. Engrs,
vol. 29, no. 205, pp. 1475-~82, (September 1963).

In externally pressurized gas lubricated circular thrust bearings,
the occurrence of depression in the pressure profile is observed
under some working conditions. Succeeding the previous paper on the
theoretical investigation of the pressure depression, the pressure
distribution in externalliy pressurized circular thrust gas bearings
with a circular recess is investigated theoretically by assuming the
generation of a normal shock wave in the bearing recess. Good quan-
titative agreement is found between the analytical results and avail-
able experimental dats except the case of small bearing clearance
height or deep recess. In order to prevent the pressure depression
just after the gas supply hole, it is effective to make a round or
tapered chamber at the entrance edge of the hole to the bearing
clearance or to make the recess tipered doubly, By these alterna-
tions, thes shape of pressure distribution becomes flatter so that

the 1lsad napacity car increase remarkably.
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63-063

Mori, Haruo, Toshiyuki Shibavama and Setsuo Kedo.
ELECTROLYTIC ANALOGY OF PRESSURE DISTRIBUTIGN IN EXTERNALLY-
PRESSURIZED GAS BEARINGS. (in Japanesa). J. Japan Soc, Lub.

L ¥al

Engevs., vol. 8, no. 1, pp. 16-20. (1963).

In order to determine, accurately, such quantities as the load-
carrying capacity and flow rate in an externally-pressurized bear-
ing, it is necessary to clarify the nature cof the pressure distri-
bution. In the zase wherein the flow within the bearing clearance

is incompressible and viscous, the pressure distribution may be
fundamentally expressed by the Laplace equation. Accordingly, the
pressure distribution is obtained by the measurement of electric
potential through electrolytic analogy. 1In this paper, the general
Reynolds equation, which depends on the compressible iubricant and
can take the change of bearing ¢ =arance into consideration, is re-
duced to the Laplace equation with an appropriate transformation,

and the pressure distributions of: (1) Extermally pressurized thrust
collar bearing and (Z) Externally pressurized journal gas bearing
are obtained by electrolytic analogy, and discussed in comparison
with the solution by complex potential theory. Moreover, by making
two electrolytic layers of gelatin with different specific resistivi-
ties, the pressure distribution of (3) Externally pressurized porous
thrust gas bearing is also obtained by electrical amalogy. FElectric
experiments have produced results in good agreement with the solu-
tions by hydrostatic theory.

Mori, Haruo, Toshiyuki Shibavama, I. Shizuma and T, Yamamoto,
RESEARCH OR EXTERNALLY PRESSURIZED JOURNAL GAS BEARINGS. (in

Engliish). Bull. JSME, vnl. 6, no. 23, pp. 598-605. {(August 1963).

In a previous paper by T. Sasaki and H, Mori, the experimental data
used in the comparison with thecretical v ”"lts were for a bearing
with a single gas supply hole withoutr restriction, However, it is
common to aSe externally pressurized gas bearings with multiple gas
supply holes arranged circumferentiaily and axially. In this paper,

a gas bearing with multiple gas supply holes is designed theoretically
and the pressure distribution, fiow rate and optimum restriction are
examined aud compared with the complex pstential theory. The .«peri-

mental results show good agreement with the theoretical results.

Mori, Haruo and Hiroshi Yabe,
CGﬁPLEX POTENTIAL THEORY OF EXTERNALLY~PRESSURIZED, 'THRUST

LLAR GAS BEARINGS, (in Japanese}. J. Japan Soc. Lub, Engrs.,
vol, 8, no. 1, pp. 11-15. (1963).

in practice there are many appii
thrust-collar gas bearings, 1t
gh

ing with larger recess has hi

catiors of externaliy-pressurized,
has been reported that a gas bear-
er load carrying capacxtv but has
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lower dynamic stability. Accordingly, it is preferazble to use an
externally-pressurized gas bearing cf the thrust-collar type with-
out a recess but with a number of gas supply b~les arranged cir-
cumferentially thereabout. 1In this paper, the authors analyze
externally-pressurized, thicst-collar gas bearings of the above
type without a recess and obtain pressure distributions by using
the complex potential theory.

Mori, Haruo and Hiroshi Yabe.
THEORETICAL INVESTIGATION OF EXTERNALLY PRESSURIZED THRUST
CCLLAR GAS-BEARINGS, ASLE Trans., vol., 6, no. 4, pp. 337-345.
{October 1963).

Externally pressurized thrust colliar gas-bearings with several
supply holes are investigated theoretically. The gas supply

holes are spaced circumferentially and communicate directly with
the film without feeding into recesses. A complex potential
functicn which satisfied thc boundary conditions of the bearing

is found, and the pressure distribution, quantity of flow, and
1nad capacity are calculated for the two cases where there are

or are not radial grooves between the holes. The theory is appli-
cable for any number of gas supply holes.

Mueller, k.K,
A NOVEL GAS BEARING SPHERICAL-ROTOR GYROSCOPE FOi. SPACE
APPLICATIONS, Paper presented at the American Institute of
Aeronautics and Astronautics, Summer Meeting, Los Angeles,
Calif., June 17-20, 1963. Paper 63-214.

A gyroscope whith deviates completely from the conventional design
concept, but does not require exotic new developments or materials
is described. The gyroscope element of the spinning-sphere gyro-
scope consists basically of a solid, homogeneous, spherical rotor,
suspended with a spherical outer housing by means of a hydrostatic
gas bearing. Discussed are the operating principles, design
features. inherent advantages, and test results of the gas bearing
spherical-rotor gyroscope with case rotation, and its possible use
for vehicle orientation and stabilization in space, for the deter-
mination of the wehicle turn axis, and for directicnal orientation
on a lunar surfaca,

Muster, D. and Beno Sternlicht, Editors.
INTERNATIONAL SYMPOSIUM ON LUBRICATION AND WEAR, Proceedings,
Houston, June 1953, McCutchan Publishing Cocrp., Berkeley,
Calif. 1965.

Papers included in this volume are "Inverse Hydrodynamics,"” by

-116-~
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Biok; "Theory of ubrication™, by Constantinescu; "Thin
Film lubrication” “Boundary Lubrication™, by Godirev;
“Lubrication of Ex essurized Bearings”, by Gross; “"Inertia
Effects in Self-A ig Lubrication Theory”, by Milne;
*Influence of Bear Rotor Behavior™, by Sternlicht; "Friction
and ¥Wear', by Tab Effects and Elasto-Kinetics in Self-
Acting Bearing Lul by Vogelpohl; “Gas-Lubricat=2d Bearings®”,
by Ausman; "Desig iim, Hydrodynamic and Hydrostaiic Thrust
and Journal Beari ier; "Computer Analvsis of High-uoi;
Rollipg-Element B rems', by Jones; "Lubrication in the
Environment of Space ewis and "High-Temperature Lubrication”,
by Peterson.
National Bureau of Standards,

ON THE CRYOGENIC ASPECTS OF PROJECT SHERWOOD, Thirteenth Pro-

gress Report, for the period December 31, 1952 to March 31, 1383.

¥at. Bur. Stand, Rep, 7677, March 1963,

Aside from an analytical description of t e
report also discusses the successful testing of
lubricated bearings of the low-pressure t

National Bureau of Standards,
0N THE CRYQGENIC ASPECTS OF PRQJECT SHERWOOD. Fourteenth Pro-
gress Report, Ecor the period April 1, 1983 to June 30, 1963.
June 3, 1963,

This paper mentions the use of exterrally pressurized gas-
bearings in a cryogenic turbine expander at speeds of 5

£ AF

Kg, Chung-Wah.
LINEARIZED PH STABILITY THEQRY FOR FINRITE LENGTH, SELF-ACTIRG,
GAS-LUBRICATED, PLAIN JOURNAL BEARINGS, Mechanical Technology,
Inc. Report MTI-63TR51, December 1963, Navy contract Nonr
3736(00) (FBM).

Use of Ausman®s linearized PH method to determine the threshold of
half frequency whirl feor s rigid rotor in self-acting cylipdrical
journal bearings is extended to include finite length sffects,
Rotating polar coordinates are used to derive the governing equation.
Results obtained are generslly consistent with several previocus works
in wide ranges of all parameters, This method is judged to give
conservative results and is suitable for studying dynamic problems

g
of more complicated systems,
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Jreutt, F.HE,
EXPERIMENTAL INVESTIGATION OF TWO-PHASE FLOW IN THRUST BEARINGS,
Mechanical Technology, Inc. Report MTI-62TRH0, January 1963

~x £

Contract Fonr-3731{00) (FBM).

t bearings.
For ail the operating ccnﬂ*tlens ipvestigated, there is a sharply
defined load-carrying limitation for the steam-lub ted bearing
beyond which there is a sudden loss of stiffness leading to collapse
of the bearing and contact of the surface, Bearing-lgad carrving
capacity and stiffness are strongly dependent on the rate at which
heat is withdrawn from the £ilm by the bearing surfaces. Condensate
in the form of droplets and streaks forms on the uncooled surface
neatr the outer radius as the load spproaches thz critical load for
collapse of the bearing, The performance of the experimental bear-
ing lubricated with steam is compared with its theoretical perform
ance using a2 single-phase lubricant having the properties of dry
steam, Results indicate that, for a fixed inlet pressure and sur-
face separation, a two-phase bearing has considerably lower carry-
ing capacity. For the bearing configuration used there was very
little dependence of bearing performance on rotor speed. Insta-
bility was observed occasionzally when the shaft was stationary and
conditions at onset wers such that the bearing was close to the
verge of collapse,

oh

Pan, C.H.T.
GAS LUBRICATED SPHERICAL BEARINGS. Trans. ASME {J. Basic
Engng.), vol. 85 D, no. 2, pp. 311-323. {(Jume 1953).

o

This paper is based on a NASA-AEC supported study (MTI-62IRS5, April
1962, 46 p.) of a derivation of the iscthermal Reynolds equatzcn

The gas lubricated hemispherical bearing is conszéeres thepretically.
First, the isothermal Revnolds eguation for a thin f£ilm beiween
arbitrary curved surfaces is derived, The equation is then applised
to a hemispherical bearing. External pressurization is considered
bv gssuming a "point" sopurce gt the pole, The seif-acting effects
are siudied by a perturbation analysis assuming a small displace-
ment ratic of the journal center. Extension to moderate values of
displacement ratios is treated by means of the linearized ph method.
Numerical results for comparison with other bearing configurations
and an earlier analysis are g

[l ‘u‘ﬁ

Issued November 12, 186

This invention relates tc bearings for shafts, more particularly
shafts which are intended t T 3

"
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kind where the shaft is supported within a beacing bush which in
turn is rotatably supported within g relatively fixed body, the
arrangement being such that vhen the shaft is rotated the bush
will be rotated at a lesser speed {(a floating ring bearingj. An
annular passage for lubricant is defined between the internal peri-
phery of the body and the bush. The annular passage is in register
with passages extending through the wall of the bush to the clear-
ance between the latter and the shaft, and there is formed in the
body ar inlet to the circumferential passage znd a substantially
tangentially disposed restricted sutlet Erom the passage, the
arrangEQEEt being such that particles in lubricant entering the
annular groove through the inlet will be caused to move cutwardly
%v entrifugal forces and to be discharged through the outlet,

E DATA FQR BRITILE MATERIALS OBTAINED
ROENIRICITY. Southern Resesarch Institute,
83. Contract AF 33{(837)-7855,

-«-I?n GAS BEA
Final Rg?oLL, May 1

i
f nina and a graphite were inves
11y at 709F, 1000°F and 1600°F and the strengths correlated with
volume, surface finish, and strain rate., 3Significant elations
were found for the paramete:s at most levels.

Powell, J.H.
EVBA&AJ““ WHIRL OF ROTDES SUPPORTED
g 1

IN GAS JOURNAL BEARINGS.
Enginser, vol. 216, no, 580 5-

45-6, (July 26, 1963).

The resonant speed of cylindrical synchronous whirl of a rotor sup-
ri

ported in e"L?raally pressurized gas journal bearings is often
called the "inversion" speed. At inversion the rotor is said to

etric axis tc rotation about its
me experiments in which measure-
irl and phase changes as a
ndrical synchronous resonance,
hift takes place which can be
large clearance ratio,

change from rotation about its geo
mass axis, The auinor describes s
ments were made of the amplitude of wh
rotor was accelerated through its cylind
The resulits suggest that a 3pin axis s
described as inversion in bearings of

~ £}

Eamachandra, S.
SHORT BEARING APPROXIMATIONS FOR GAS LUBRICATED BEARINGS.
Appl, Sci, Res., vol. 12 A, no, 1, pp. 1-8. (1863).

The Reynoplds equation for gas lubricated bearings is solved for =
f£inite journal bearing, applying the approximation of Dubois ang
Ocvirk as in the case of normal journal bearings. The results agree

1y the experimental values for an L/D ratio of one, with the pres-
sure and the load capacity independent of the ratio of specifiec heats.

-118-
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Rizge, J.R,.
NGEE ON NIMERICAL SOLUTIONS FOR GAS-LUBRICATED JOURNAL REARINGS,
Trans, ASME (J. Heat Transfer}, vol. 85 £, no. 2, pp. 187-189.
(May 1553). (Tech. Briefs

Ly l“"l

In two papers which appeared inm 196] on the numerical solution of
Reynolds equation for finite-length, gas-lubricated gylingrical
bearings under static loading, resulis are gquoted which show dis-
crepancies for certain ranges of parameters, where the calculations
are more delicate {(high eccentricity and bearing numbers). The

author has painstakingly repeated the numerical work and
possible reasons of discrepancy, He finds that the resulis o

3 £
Raimondi are more reliable, though Sternlichi’'s procedure is faster.
Richardson, H.H. and others.
BASIC APPLIED RESEARCH IN FLUID POWER (0ONTROL, Massachusetts
Institute of Techrology. Progress Reports 8398-5,-6 for the
period February 1963 - September 1963, Contract AF 33(85737535,

Technical results are presented and progress in several phases of
continuing applied research and development of the design of high-
performance £iuid control devices for advanced gerospace systems

are described, Continued smphasis was placed on pneumatic components
and systems capable of performing in wide ranges of temperature and
with intense -adigtion, ﬁﬂr:ent research dealin
matic pulse actuation servosystem, a gas-cperated
dispersion of transients in fiuié transmission 1
dampers, negative stiffness flapper valves, and
ings are also discussed,

:)

with z new pneu-
accelercmeter, the

nes, compressible

:as }abricateé bear-

U s O ()'(

Rotron Manufacturing Cs,, Irc.
DESIGN MANUAL FOR SELF ACTING PLAIN CYLINDRICAL GAS JOURNAL BEAR-
INGS AKD THRUST BEAR EGC FOR USE IN ELECTRICAL BLOWER MOTORS,
FINAL DEVELOPMENT HEPQRT, PART II, FOR TilE DEVELOPMESNT OF GAS

LUBRICATED “EA?I&G& FOR USE IN BLOWER AND FAN MOTORS., Report for
the pericd June 7, 1962 ~ June 7, 1963, Jume 25, 1963, Navy
contract NObsr-87522, AD-413 $27,

This manual is a direct outcome of the requirements set forch i
BuShips Contract NOLsr-87522 and is intended for use in the design

of unit type seif-acting gas bearings applicable to electrically
driven blowers in the 10 to 500 cfm range. The work of preparing

the manual was accomplished by the Rotron Manufacturing Company with
Prof, D,D. Fuller serving as a consultant on gas bearings. The in-
formation contained in the manual has been assembled utilizing the
existing available literature for self-acting gas lubricated bearings.
insofar as possible, the data have been verified by additional test
data accumulated at Rotron Manufacturing Co. This manual attempts to
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family of bearing configurations is minimally aniscelastic when

bearing nonlinearity is taken inté sccount. Analytical expressions
are developed which obtain a measure of the anisoelasticity intro-
duced by the nonlinearities in practical gas bearing support systems.

_Sternlicht, Beno

COMBINED JOURNAL AND THRUST BEARING. U. S, Patent 3,110,525,
Applied Noveml :r %; 1960, Issued November 12, 1963.

This invention relates fo a combination journal and thrust bearing
having a relatively large load-carrying capacity for its size., The
end of a shaft is provided with an external journal surface which is
ceaxial and concentric with the external bearing surface. The shaft
is journalled in a bearing housing which envelops the end of the
shaft and has both internal and external bearing surfaces operating
in-load-¢arrying relationship with both the external and internal
journal surfaces on the shaft. New appiications for bearings are
presented where bearings utilizing low supply pressure lubricant
films require large load-carrying areas to support the bearing load,
A furtaer requirement is that the improved bearing constructions be
capable of withstanding both radial and thrust loading conditions,

‘Sternlicht, Beno
DYNAMICS OF GAS BEARINGS IN AERQOSPACE MANEUVERS. Paper pre-
sented at the'USAF Aeréspace'FiaiésLané:Lubri;ants,ConferengeL
Session IV~-B, San Antonio, Texasz, April 16-19, 71963, )

A review of the dynamics of rotor bearing systems for space applica-
tions is presented. Several types of system instability that origi-
nate in gas lubrieated bearings are defined and the be-ring fiuid
£ilm forcés are detesmined:. The dynamic pheriomena considered in-
c¢lude critical speed, synchronous Whirl, half-frequency whirl, frac-
tional-frequency whirl, and pneumatic hamme? oszillation in the flow
system. Some effects of rotor-bearing geometry on instability arve
examined. Experimental results reported for synchronous whirl and
haif-frequency whirl agree with theoretical predictions. The con-—
ditions for initiation of destructive Self-sustained whirl iIn hybrigd
bearings are established, and the effects of an increase in load on
the onsef of fractional-frequency whiri are related to high and low
supply pressure,

Sternlicht, Beno and L.W. Winn,
ON THE LOAD CAPACITY AND STABILITY OF ROTORS IH SFLF-ACTING GAS-
LUBRICATED PLAIN CYLINDRICAL JOURNAL BEARINGS, Trans. ASME, {(J.
Basic Engng.), vol. 85 D, no, 4, pp. 503~512, ({Decembsr 1963).

Good agreement has been found between theory and experiment for static i

~124-
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Stoller, H.M.

load-carrying capacity, eccentricity ratio, and attitude angle for
plain cylindrical journal bearings (fitted with a single 0.020-in.
diameter orifice, 3732 in. leong)., With L/D = i and three bearing
clearances, indiyatlcn of minimus cheﬁ for the onset of insta-
bility has been ¢btained. Osuset of HFW (= half frequency whirl)
increases almost lipeariy with lead, For a2 given rotor mass and
bearing clearance the sccenitricify ratio at the onset of instability
remains virtually conStant even though tke bezrirg 1oad is varied.
As the bearing cledrance increases, so does the eccentricity ratio
at onset of instability, There is a ciearance af which onset of

HFW occurs at lowest speed., *(See General Elsctric Technical Regorf
as AD-259 957, July 1%61, &7 p.D

Stingelin Vaientin
{ THEORETIGAL AND EXPERIMENTAL pﬁﬁ%ﬁﬁﬁ:aﬁ— GAS BEARINGS] .
IH:QRET SCGHE UND EXPER IﬁE\IRLLn UNTERSUCHUNGEN AN GASLAGERN,
{in German). -Zuzich E}dﬁen0331<cnenATechn;scheﬁ Hachschule
Inst. fuer acrg ’nami?” “ltt .5 Do, 32, (1983).

The differentisl eguation of self-acting lubricated bearings is
derived. The known exact solutions of Qpati‘l cased of the equa-
tion are discussed. balutlogs for the eduation for the c¢losed gas
bearing (wirhout slip-flow)} and for the finite width gas bearing
(ﬂlth:sllg—:lﬁw} are deriv ,i“aﬁé xplained, Bearing reactions and
characteristics ars displiayed graphic ally, GLubricating film -
changes—of-state and the inflws encr Of siip-flows on the ‘bearing
are discussed briefly. .Experimentai aggaratas,_g:qceégrea, and
results are -describes. “

EXPERTMENTAL INVESTIGATION OF GAS LUBRICATED WATER BOUNDARY
LAYERS, OIS Iechnlcal Repork §§?&3, May 1963, Navy contract
NOw-50-01Ti-c, AD-BZ5 217.

Gas lubricaticn experimerts were conducted on two-dimensional and
three-dimensional models, Thin £ilms of maximum length of four

to six inches were observed on the two-dimensionai flat plate model
at low water speeds and air fiow rates. Comparable length films
were observed on the 3arqba}’i5 of-revolution model under approxi-

mately the same conditions, Additional observaticiis on gas lubri-
caticn are presented.

Tipei, Nicolas
THEQRY OF LUBRICATION- WITH APPLICATIONS TU LIQUID AND GAS~
FIL¥ LUBRICATION, edited by William A, Cross. Oxford Univer-
sity Press. i?EBa 5656 pp.

5

This is an English edition f a book published in Roumanian in 1957
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and. acknowledged as a Signz;zeant rork on the theory of bearing
lubrication, written by Professor Tipei, Head of the Machine and
Mechanics Division of the Institute of Applleé Mechanies, Bucharest,
Dr. Gross, the Edltcr, is Director of Research Laborataries, Ampex
-Corporation,. The :English Edition includes new material and a new

-chapter on iubrlcat;on in turbulent flow. It presents a complete
picture of hydrody¥namic liquid lubrication and self-acting gas

lubrication that will permit application by digital computer. It

is jllustrated by situations dctually encountered in machine design
and construction. Three general considerations on friction and

the motion of viscous fluids are presented at the beglnnln&,
followed by a chapter ofi lubricants, in which data on different
types of lubricants are given. Thé remaining chapters are concerned
with £1luid and gas lubrication between solid walls, Important re-
sults. obtained by other investigators are included but, in the main,
the material preseénted is the result of the author's .6wn experience,

rnblade, R.C.

‘THE MOLECULAR TRANSIT TIME AND- ITS CORRELATION WITH TRE
STABILITY OF EXTEKN&LLY PRES TRIZED GﬁS-L UBRICATED -BEARTNGS.
Trans. ASME, (J Bas;c Engng ), vol. 85D, no. 2, pp. 297-303.
(June: 1963).

In discussing the stability of externally pressurized gas bearings,
‘the--author introduced. two dimefsionless parameters: wmclecular
thSLt number A and bearing Reynolds number R, The former; A .
ﬂoncerns the’ elapsed time for a mbdlecule to- traverse the bearing, or
the tims lag in the bearing response to an. external perturbation:
The 1axtg§,'§g,:,s\a number similar to Reynolds number and concerns
the rate of mass flow into the bearing. From experimental data, the
author has -propeseé a stability-criterion involving theéss two para-
meters. Although some ambiguities remain in the theory becausé of
its wide gemerality, the paper should be hélpful for the ressarcher
in the same field. - : ’

Wernick, R.J. and C.H.T. Pan.
"bE&TIC AND BY§§¥I€ FORCRES. OF FARTIAL ARC SELF-ACTING GAS Jﬁﬁﬁ%ﬁu
BEARINGS AT MODERATE COMPRESSIBILITY WMBERS, Mechanical Techrology
Inc, ?g;crt,H?IrSSigﬁ; February 1963. Navy contract Nonr-3730(00).

The problem of IunrzLatiug self-acting cvilnﬁrzca? journal bearlngs
with half-frequency whiri instability can be solved by an expansion
of the fluid £ilm pressure in terms of power series im A , whers
A is the bearing compressibility number., This paper extends the
method of Galerkin in solving the steady state R 3 olds eguation for
a variety of bearing configurations to imclude both time dependence
and higher order effects of A . The results may be applied fo the
calculation of critical speed rotor response and gtability of flexible
rotors,

d
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-63-~095 Whitley, Stavcley and D.5. Allen,
JOURNAL AND JOURNAL BEARING ASSEMBLIES, U, S, Patent 3,079,203,
{to United Kingdom Atomic Energy Authority). Applied November
2, 1958, 1Iszued February 26, 1962.

A gas .vP. i< -"2 ournal and journal bearing asSembly is described
where <ne 3~ . bearing has a cylindrical bearing surface having
defined therein at each end of the assembly at least one ring of

three or meore circumferentially extending shallow grooves gach having
a width less than the arcuate length and each termi=zting cbruptly to
create a step. The grooves occupy —orresponding arcuate positions in
all the rings and have at corresponding ends thereof a hole providing
free communication between the grooves and the atmosphere ambien. In
the assembly.

63-0%6  Wildmann, M.
THE GAS LUBRICATED STEPPED THRUST BEARING., A COMPREMENSIVE
STUDY. Awpex Corp. Report RR-63-2, April 1963. Contract
Wonr=3815(C0). - ~

The existing analytical sclutions for gas lubricated stepped pads
are reviewed and simplified. Experiments performed on gas lubricatred
sStepped bass are described, and the éxperimental results are used to
verify the anal¥tical solutions, Designh curves, based on a combina-
tion of aﬁaxytlcai.ané;experlmeutgivgééﬁlts; are presented and a
-design procedure; including sample: calculations, is given.

£3-097  Y=aple, F.B.
- - IR qEﬁLEQ MACHINERY ROTORS RIDE ON GAS. Prod. Engsz,, wol. 34
© - . 21, pp. 116-23. {Gefaber 1, 1963). T

:esé ibea. Eabies gzve egerat ing requxreme ts and s;eczzlcakzaﬁs
typical machines. U.S. and foreign manufacturers are iisted.

LINEARIZED ANALYSIS AND DESIGN OF AN AUTOMATIC BALANGING
’ THE THREE AXIS AIR BEARING TABLE. NASA TH X-50177

The design an=zlysis of an avtomatic control system to réduce the
mass unbalance {(forgue) »f the zir bearing table, sc¢ as to enable
sateliite attitude-control-systems testing is discussed., To balance
the tabls o within 5000 dynew~cms or less the torgue balance is
first set manually in the horizontal position so that the pendulous
tabl a peri a Ther
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balanced in roil and yaw axes. Analog computer résults show the
balancing system to be stable. Block diagrams are presented, sher. -
ing the parameters of the system on all three axes (pitch, roll ar-
yaw). The balancing time for total fine balancing is approximateiy
10 minutes.
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64-002

§4-003

been developed.

Adams, C.R,
DESIGN AND FABRICATION OF IMPACT DOCKING SIMULATOR AIR BEARINGS,
Paper presented at the 1964 ASLE Annual Meeting, May 26 - 28,

Chicago, TI11. Reprint 6UAM 4B&4.

Externally pressurized air bearings for a space vehicle docking simu-
lator are discussed. Design considerations for shallow recess step
bearings are examined and preliminary design calculations made.
Methods for machining the gpherical and f£lat thrust bearings are also
described.

Anonymous.
AIR LEVITATES MANEUVERING ASTRONAUIS,
vol. 69, no. 1, p. 20. {(January 1964},

Compressed Air Magazine,

& jet-propelled, land-based device called the Manned Docking Simula-
tor that will enable space scientists to simulate and perfect techni-
ques of carrying men between earth and orbiting space stations has
The Manned Docking Simulator is built to carry two
astronauts plus supplies. It weighs about 1000 pounds, is 74 feet
nigh -and 5 feet wide, The supporting structure is mounted on air
cushions,metal discs constructed 56 that air is expelled at super-
sonic velccities heneath them causing the simulator to 1ift a Erac-
tion of an inch from the flcor. This simulates the frictionless

-environment of space, and is a close approximation of weightlessness.

Test piiots operating the device can pitch, rail twist, or yaw the
vehicle as they ‘g0 through rendezvous, approach, and connection to a
space station.

Anonymous;
HMOVING HEAVY Lﬁhﬁa - OE AIR. Epdzneerzazi vol. 198, no., 5135,
p. 359, (September 18, 196%). i

-An ingenious application of the ground ef-ect principle, as used _cur-

rently in hovercraft, has been made for the handling of Ir

containers or on pallets. The system "'11 enable loads we

tons to be transferred from vehicie to vehicle or from n?at- to

trailer with just 3 push of the hands. The basic gridczgie‘of the
that

method of handlin- is that air cushions of a sizé proporfional to the
weight of the load to be transported are fixed under the container or
ed with 1 cushions are molded in an

trifugal or a2 positive dispiacement
ch cushiony after inflating the cushion
the supporting surface, excess air sup-

=

tzined air layer that supports the weight of the iopad

tics a:teriai‘ In use, a modest volume
e
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54-004  Anonymous.
AIR ‘BEARING CRINDING SFINDLES. Engineer, vol. 217, no. 5644,
p: 584, {(March 27, 1964). ’ )

A high speed grinding spindle with air bearings, which irz principally
intended for use in bore grinding machines, can be adaptzd for use
on other machine tools. These spindles have an air turbine drive
-and consume zbout 9 s.o.f.m, of air at 75 1b./sq. in. and, due to
the low viscosity of air, their bearings absorb comparatively little
power. Bearing heating is stated to be negligible and no warming up
period is requirad before the commencement of grinding. With air
supplied at a pressure of 30 1b./sq. in. the spindle spszed is 30,000
rpm; and at 807 1b./sq. in. it is 60,000 rpm.

64~005  Anonymous. ] o
AIR BEARING TORQUEMETER AIDS DESIGN. Engineering, vol., 198,
no. S48, p. 787. {(1964). ‘

Accurate torque measurements on model agitators enable predictions
to be made for the power requirements of full scale agitators of
the type used in the chemical industfy. An air bearing torduemeter
has been develgped by Imperial Chemical Industries Limited for this
purpdSe. The torquemeter utilizes :a flat circular table of 10 in.
= -diameter, which flozts on an air thrust bearing, and which acts as
-a support for the modél agitator vesseél. Concentric location of
the table is provided by a vertical air coluimn bearing which also
permits the table to Totate about the vertical axis,

64-006- Anonymous.
Engng. Fews Becord, vol. 173, no. 35, p. 119. (December 17, 1%64).

General Dynamics engineer§ Geveloped z homing machine that rides on
cushions of air. They laveléd itwo I-beams with polished steel plates
on the top £ianges to form Iracks about ten feet apart. A gantry-
i1ike cross-beam rides the tracks on four air cushigns. DPolished
steel plates on both fianges and both sides of the web of

Lot e By bt g sy st o g ity

5 nn _
- &£4-007 AnCnymoUuS.
- BEARING RESEARCH SPINS ALORG., Iron Age, vol, 188, mo, &,
_ e A
A b =T gs = GRE B
ph. 102-3. {(July 23, 195%}.
PE

n nuclear power plants, the lubrication of coolant compressors and
he threat of leakige across the seal

earing lubricant. However, when the

[}
s WL 0 T R R D v

o

cor i




bearings in a gas-cooled reactor are gas lubricated, they do not
require elaborate seals. In fact, the lubricating gas can be the
same as the cooling gas. Moreover, temperatures will not present
problems. As temperatures soar, oil begins to break down, GCases,
on the other hand, lubricate even beéetter as a reactor's cooclant
stream temperature rises, An analysis was completeé recently at
The Franklin Institute for predicting the performance of self-
acting (hydrodynamic) gas lubricated partial-are, finite-length,
journal bearings for steady-state conditions. The results "can be
used for bearings of many types™. This analytical work will be
followed by experiments on a special test rig to verify underlying
assumptions.

6li-0uvo Aponymous, :
AIR BEARING SPINDLE. Light Metal &ge, vol. 22, no. 7-8,
p. 31. f(August 1964),

The Model 1300 Nano Stable Air-Bearing Spindle has the Capablllt”
of turning, microdrilling, boring, and £ facing to within one micro-
inch surface finish, and roundness to less than five millionths
inch total indicator runout reading, The variable-speed 1/12=hp
motor drives. the spindle which is desizned as a replacement head-
§ stock £6r the Leven Lathe ‘or ‘it may be mountéd: or any other suit-
' able base.

64-009  Anonymous. ‘
AIR-TURBINE ROTOR SPINS ON GAS BEARINGS AT 73,600 RPM.
Mach, Design, vol. 36, no. 12, p. 8. (May 21, 1968).

A gas bearing speed record was sstablished (it is claired} with 2
rotor and supporting gas beacings developed by J.M. Tessarzik ané
R.C. Elwell of General Electric. The shaft journals are round to
within 10-millionths inch of a perfect circle., A special film
coating permits dry starts and protects the bearzrgs znd shaft until
1050 rpm is attained. At this sneed a gas film is established which
floats the shaft. The system is being integrated into a high-speed
electric moter Gsed o power a cryogenic refrigeration system.
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AnCnYmoUs, ]
HIMAN ENGIREERING. Prod. Engng., vol. 35, no. 2
{October 12, 196%

o
L]
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: on lawn mower weighing 30 1b, is powered by a 2Z-stroke,
2% hp EEstseh engine that : clear of the ground at
3160 rpr and holds it at £ in. zbove the ground -t 3500 rpm, The

= secret is an impeller attached to the crankshaft zbove the rotary
== blade. The impeller raises air pressure under the mowertls steel

g
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housing which 1ifts the unit from the ground and simultaneously
holds the grass upright for a smooth cut. Height of cut ranges
from 5/16 in. to 1-7/16 in. and is easily alterad by changing
spacers on the crankshaft extension,

Anonytous,
LUBRICATING GYROSCOPE ROTOR (SPI&#AXIS) BEARINGS. Sci, Lub,,
vol, 16, no. 5, pp. 23-5. {(May 1964).

Hydrodynamic gas spin bearings are being developed for f£lotation
gyroscope rotors. Advantages and disadvantages are discussed
briefly.

Anonymous, ) _
LONG-LIFE SPACE DESIGNS ARE OUT OF THIS WORLD. SAE J..
vol., 72, no, 11, pp. 76~85, {(November 1954},

One of the most serious problems of gas bearing turbomacninery

has. been selZ-axcited instability. In order to eliminate this
problem as far as possible, the partizl arc bearing anéd composite
bearings made up of several fixed or pivoted ares are generally
used for high speed rotating machinery. These bearings either .
reduce or eliminate tangential forces which produce instability.
‘When the eccentricity ratio is high, partial arc bearings have
appreciabie load capacity. Often, their threshold of instabiliry
more than coxmpensates for the ioss of load capacity when cobpared
with the fuil 360-deg. bearing. Tne compressibility parzmeter and
the dimensionless load contain gas viscssity as one of the para-
meters. Most gases have similar viscosities, which increase with
temperature. Stability without appreciable Iosss in lozd carzvisg
capacity can be enhanced stiil further by designing bearings that
comprise z plain partizl zrzc in the loaded region and that are
grooved in the diverging part of the bearing. . This grooving
serves fc eliminate subambient pressures ané to generate an applied
force that increases the threshold of instabiiity, Experizents
were conducted to study load capacity, attitude angle andé rotor
stability as functions of geometry, ==bient pressure, rot
bearing force, rotating unmbalance, and other parimelers. These
experiments Jemonstrated how incressed zmbient presswre drasti-
cally reduces the whirl onsef speed.

STUDIES OF THE DEVELOPING FLOW RETWEEN CONCENIRIC OYLINDERS WITH

5% E9S
THE INNER CYLINDER BOTATIRG. Trans. ASME, {J. Heat Transfer)

vol. 86 G, pp. 383-332. {August 19643

art of the third phase of an investigation of




H

the phencmena and variables which contrel the rate of heat transfet
in the air gap of a rotating electrical machiné, Experimental
studies were made in the develeoping adiabatic flow of air in an
annuius having a rotating inmner cyiinder and stationary outer cylinm-
der. Experiments weré made to determine when Taylor vortices, and/
or turbulence occurred as a function of Reynolds number of the flow,
rotationsl speed of the inner cyiinder, and distance from the iniet.
Lines of demarcation of the several medes of flow were established
for positions along the axis of the annulus, Two length effects
were présent: the distance tc the point where vortices .occurred _
and the distance requirad for the vortices to déevelop, A criterion
is presented for determining the point in 3 develioping £low vhere
Taylor vortices orginate, The value is given in terms of the digen-—
sionless parameter,

> 24
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A discussion of the occurrence of vortices is well-developed flows
is presented.

Ausmam, J.S.
ON THE BEHAVIOR -OF GAS-LUBRIGA ”Eﬁ JOURNAL BEARINGS -SUBJECTIED 10
SINUSOIDALLY TIME-VARYING LOADS, Paper 54-Lub-27 presentad at -
The ASME and:-ASLE intarnatzsnax;Luarzcatlon bsﬁzererca, &as§15=~'
ton, b, L5 Gctééér"IB~ib, s6%, 0 S

Linearized steady-state txme-cewepuert sainyxens o the eguations &f
journal motion for sinuspidally timesvaryving radial ioaés, derived
by utilizing the "linearized ?L‘ tec nzgue to ansrsxzdate lubricant
pressure forces are presented. An exemplary ckeck'fer*vzhra-zon at
haif-ré;sr frequency shows that the ponlinear terms can be neglected
provided the total éccentricity ratio remains less than oneé half, A
t¥pical Journal-bearing frequency response exhibits twe distinet
types of reésonances; oné at half-rotor freguency and another at a
frequency given by ¥R/, where K is the effective spring contant

due to thé bulk modulus of the gas lubricant and' M is the mass of
the supportes rotor. As the static eccentricity ratio increases,
the amplitude of the half-rotor freguency resonance decreases
drastically, but the mplirude of the \h@#& resonznce incrsases
slightly. Rotating ioad response czah be synthesized by superibpos-
ing the responses to two 907 out-of-phase rsdial Ioads acting aiong
perpendicular gxes. The resulting response is z meariy circular

EY

ellipsecentered about the static equilibrium position.
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64-015

64=01¢

64-017

Ausman, J.S.
GAS LUBRICATED BEARINGS. Advanced Bearing Technglogy,
National Aeronsdutics and Space Administration, 1964,
pp. 109-138,

A study is made of the problems that are presented by gas lubricated
bearings. Analysis is complex because the compressibility of gases
makes the Reynolds equation nonlinear. Because of this nonlinearity,
no general analytical solution to this equsatiofr has been found, and
approximate methods of solution invariably rely on some means of
linearizing the equation. Some methods for obtaining appreximate
solutions -are discussed., Results are presented in forms intended to
iliustrate the fundamental nature and behavior of gas lubrication,

Typical design curves are also given to serve as guides,

Baldwin, R.G. and S, J Korzehowski.
THE AFPLICATION OF ‘GAS’ BEARING SPIN MOTORS TO MINIATURE GYROS,
" Bureau of Naval Weapons; Rotating and Static Precision Com-
ponents Symposium, Proceedings, April 1964, pp. 64-92,

The appilcatlnn of gas spin bearings to miniature floated rate-inte~
grating gyros is -discussed in 'some detail. Included in the discus-
sion are the following sabgectS. (1) 'basic principles; (2) instru-
mentatlop--sfeady lsaas and. dynamic loads; (3) materials=-swear resis-~
tance and -surface ftnlsh- (4) fabrication -and assembly; (5) test
results=-static -data and dynamzc data; -and (6) gyro data-random drlfL,

-cool-down s;ablllty, run<up stabi¥ity. It 1is -concluded. that the prac

tical appllcatxon 6f miniatutée gas szn bearings to gyroscopes has
been gempnstga;eg and documented; random: d;;ft .characteristies have
been improved by an order of magnitude; and mass stabilities have

been improved:-by -a factor of three,

Barlow, Edward

AXISYMMETRICAL FOIL BEARIRG ~ COMPRESSIBLE FLOW, Ampex Corpora-

tion, Res. and Engng. PLb RR 6h=6 June 1964. Navy contract
Nonr-3815(06).

The axisymmetrical foil bearing is studied with effects of compressi-
bility being included. The pressure and gap profiles are found by
numerically integrating the governing equations. The results are
comparad with the corresponding results obtained in a previous report

on an approximate solution of the same problem assuming incompressi-
ble flow.

~-134~
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64-018

64-019

64=-020

Baumann, H.
DESCRIPTION AND PERFORMANCE OF THE PRIMARY CIRCULATORS FOR THE
0.E.C.D, HIGH TEMPERATURE REACTUR PROJECT DRAGON, ENGLAND,
Rotating Machinery fcr Gas-Gooled Reactor Application, Pro-
ceedings, Gatlinburg, Tennessee, November 4-6, 1963. TID-9690,
May 1964, pp. 189-205.

The main coolant circulators for the OECD-High temperature-reactor
Dragon at Winfrith in England are totally enclosed blowers with
hydrodynamic gas~lubricated bearings. Multiple-~wedge bearings with
fixed wedges in a cylindrical shell or pad type bearings show a
considerably lower load carrying capacity compared with cylindrical
bearings with stabilizing wedges. For duties where a high bearing
capacity or a large speed range is demanded, it is said that stabi-
lized cylindrical bearings are to be preferred. The necessary
manufacturing accuracy of wedge-stabilized cylindrical bearings
offers no production diffisulties, and permitz, on the other hand,
the free exchange of any bearing or shaft, The arbitrarily com-
posed parts can be put into service fulfilling all the required
conditions; especially the "touchdown™ speed and running withecut
signs of wear.

. Baumeister, H.K,

A NOTE-ON THE NOMINAL-CLEARANCE.CF THE FOIL BEARING. Paper
presented -at the 1964 ASLE Annual Meeting, May 26-28,
Chicage, I1l, Preprint 5B3. S

An investigation has béen made of the magnitudes of the errors
introduced into the analytical solution for the nominal clearance
of the foil bearing by the assumptions that are usually made.
From numerical integrations, it has been concluded that the exact
method -of specifying the clearance and the exact locations of the

-ends of the bearing are not critical, and. that the assumption of

Varidu$-shapes for the f£oil will result in erroneous nominal clear-
ance valuss, ’ ‘

Bayley, F.J. and L. Conway.
FLUID FRICTICY -AND LEAKAGE BETWEEN A STATIONARY AND ROTATING
bLISC., J. Mech. Engng. Sci., vol, 6, no. 2, pp. 164-172, (i964).

An investigation of the flow in a narrow gap between a rotating and a
stationary disc with an arbitrarily imposed radial pressure differ-

ence is described. This system represents the conditions obtaining

between the rotors and casings of many £luid machines, The investi~
gation is mainly experimental, for although the equations of motion
were derived for the fluid system in question, tbese were found not
to be tractable for the conditions observed. Experimental results
are reported from two separate test series, The first test series
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vielded data on the f:;ctzenal and prassure forces in the system
which were obtained in sufficient detail for use in design calcula-
tions for fiuid machinery. In the second series the flow between
the disce was studied in detail in order to explain the nature and
form of the results obtained in the first series of tests.

Beams, J.W., Beno Sternlicht and W.F, Hughes.
GAS, MAGNETIC, AND MuD BEARINGS FILLING NEW NEEDS, §§E J.,
vol, 72, no. 3, pp. 72-75. {March 12564).

A simplified explanation of how gas bearings work is presented.
The speration of a self-acting compressible fluid {gas) bearing
is shown schematically. & "hybrid" baaring (self-acting and
externally pressurized) is described, Although 2 common journal
bearing has beén -uséd for case of explanation, many other con-
figurations of gas besrings have been designad and are in use,
Among present commerical applications cf gas bearings are a high-
speed drill, a 24,000 rpm electric fan for cooling eslectromic
assemblies, and control gyrosccpe assemblies for guidance andg
control of ballistic missiles and aerospace vehicles. Magnétic
bearings .are described whick offer many of the same advantages

of the gas bearings., The basic chearacteristics of MHD bearings
‘are also discussed, ” B

e
&

Benatti, R‘b.
‘GAS BEARINGS FOR GYROSCOPES. Sperry Engng. z\ev., vol, 17,
20.. 1, pp. £0-5. (qprxng 1%64) .

This paper discusses the patameters affecting the performance 6%
gas lubricsted bearingé designed to :support gyroscope rotors, The
gas bearing provides. th exacting, positicnal stability required
in the gyro spin nga. Its intrvoduction has improved the Iéﬁg?
term ¢érift stabiYity ‘of .the SINS gvroscopes by a factor of five.

Benatti, R.J, ) _ /
GAS BEARINGS. U, 3. Patent 3,145,036, Applied May 29, 1962.

Issued August 25, 1964,

This invention relat2s to an improvement in gas bearings of the
hydrodynamic pressure type by which the condition known as half
apeed whirl is inkibited without a resulting loss in load czrry-
ing capacity., A further object of the invention is to provide

& gas bearing with 2 Doving element that accelerates through an
opératicnal range froum 1ift speed to the design speed of rotation
without experiencing the termed half speed whirl., To produce the
additional lift provided, the respective end areas of cne of the
bearing elements includas a plurality of rocket providing channels

-136~-
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64-028

E4~029

Gastelli, V.; C,H, Stevenson and E.J, Gunter, Jr.
STEADY-STATE CHARACTERISTICS OF GAS-LUBRICATED, SELF-ACTING,
PARTIAL-ARC JOURNAL BEARINGS OF FINITE WIDTH, ASLE Trans,,
vel., 7, no. 2, pp. 153-167. {April 196

This paper contains the description of z solution of the problem

of self-acting, gas iubricated, partial-arc, finite length jourmnal
bearings for steady-state conditions, The results can be used for
bearings of many types such as simple; fixed, partial-sre, journal
bearings {tapered land), axial~grooved journal bearings, pivoted-
pad journal bearings, and similar geometric¢ shapes. Sample results
are plottec¢; and their utilization for various bearing types is
iliustrated by examples.

Castelli, V. and H.G. Elrod, Jr,
SOLUTION OF THE SI&BILITY PROBLEM FOR 350 DEG, SELF-ACTING,
GAS~-LUBRICATED BEARINGS. Paper presented at the ASME Lubrica-
tioh Symposium, Cleveland, Ohin, April 28-30, 1964, Paper
64-Lub3=-10

This is an investigation of the stability of self-acting, gas-lubri-

cating bearings. Two approaches to the solution are presented and

‘their results are compared. The relation is discussed between the

present work and other, more 51m3;1§iea methods available in the H
literature. The particular case of a 1589 journal bearing of infinite

"length is treated, and the changes necessary £6 use the same thepries

with other geometries are pointed out. -

“—L§abcﬁeau, J.P. and Ghristian Mech,

EXPERIENCE OF SOCIETE RATEAY IN THE CONSTRUCTION AND OPERATIO:
OF GAS-BEARING COMPRESSORS. Rotating Machinery for &as-&colad
‘Réactor apgllcatlon, Proceedings, Gatlinburg, Tennessee,
November -4-6,” 1963, TID-769G. May 1964, pp. 219-235,

General specifications of z typical gas circulator are given. The

nost frequently handled gases in such a machine are: helium, cacbon
dioxide; nitrogen, uranium hexafluoride. A brief survey is made of
machines already built by Societe Rateau, those under construction,

those undergsing acceptance tests, and those presently being designed.

A brief review of engineering problems esncountered in the. development

of the gas bearing system is included, From tests performed, the
reliability of hydrodynamic gas-bearings of the tilting pad type has

been demonstrated and some local improvements made. Optimum geome-
tries of gas-bearing pads have been determined. As no jacking gas

is used, friction resistant materials have bsen developed and used

to improve start~stop conditions, Satisfactory resulis have been

obtained. It is felt that this work provides insurance that high
reliability can be obtained with sealed machines using the multi- .
pad, gas-bearing system and that such machines are now suitable for {




64-030

64-031

64-032

3

industrial gperation in a broad range of rotating speeds from 2,000
to 24,000 rpm and power up to 230 HP, XNe particular hr¢§}éms have
been sncountersed in operating s T r ; nig

N

from 14,7 to 858 psi.

Chaboseau, J.P. and Christian Mech,
DEVELOPRMENT OF PROSPECTS FOR MULTI-PAD GAS BEARINGS. Botatin
Machinery for Gas-Coopled Rea:ter.agglia ation, Proceedings,
Gatlinburg, Tennessze, November 4-6, 1263, TID-7630. May 196%.
pp. 263-72.

qm

The performance of gas bearings was explored. The range of bearing
characteristics covered by the results is given, Tests on materials
are being continued with a view of enlarging =

ing applicationg, Future possibilities for industrial app
are discussed.

Cheng, .S, and C.H.T, Fan,
STABILITY ANALYSIS OF GAS-LUBRICATED, SELF-ACTING, PLAIN,
CYLINDRICAL, JOURNAL BEARINGS OF FI SIT“ LEXGTH, USIRG
-&LER§}¥’§ ES?EGQ Paper presented. st the ASME Lubrica=
+ion Symposium, Cleveland, Ohio, ﬁ§r13 28-303, 13R4,
Paaer 64=Lub3-5;

This paper is based on a Navy supported study (MTT Technical -
Report, April 19, 1963, 62 p.) of gas bearings., It is -éssentially
an extansSion of the work of Ehang and Trumpler to the stability
stuﬁv of finite journal ﬁear;ﬁgs using Galerkin's method. Galer—
kin's method provides an effective technique to spi¥e the time-
dependent, usnlinear Raynolds quat;sn, angé it lends itself very
conveniently to determinatién of the stability for various opera-
ting conditions, Both equilibrium and stability results have
been: -obtained,

Chironis; Nicholas
'NEW DATA ON GAS BEARINGS. Prod. Engng., vol. 35, no. 25,
pD. 98=101. (1964}, C

Some of the results of the Interpational Lubrication Conference
held in Washingiton, D.C., in October 1964 are described., Some
operating problems continue to bother gas-bearing designers. At
the meeting, two types showed exceptional promise in overcomiug
these obstacles; the herringbone groove type, which is a journal
beuving capable of attaining high speeds without showing signs of
instability, and the spiral groove type, which can take high
thrust leads. The grooving in both of these bearings is very
shallow - only a few thousandths of an inch (or less). The new
design data, which were presented at the meeting will probably
help to expand the range of appli cdtlans,
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Constantinescu, V. XN,
;§$b~£ﬁggiuéT§§ BEARINGS SUBJECTED TO VARIABLE FORCES AND
VELOCITIES]. SUR LES PALTERS LUBRIFIES A GAZ, SOUMIS A DES
FORCES ET VITESSES VARIABLES., (In French). Rev. Roumaine
Sci, Tech. Serie Mecan. Apsl., vol. 9, no, 2, pp. 263-284.
{19643,

Derivation of the equation of pressures for gas-lubricated bear-
ings operating under conditions of variable velccities and forces.
Some §0331hie asvmgfst;c solutions of the problem are analyzed.

The effect of distances between the bearing surfaces on the lubri-
cant compressibility is considered for the case of radigl bearings.

-

-

Constantinescy, V.N,
I DETEMINATION OF PRESSURES IN GAS-LUBRICATED BEARINGS OON-
SISTIKG OF RECTANGULAR PLANE SUNFACES]. DETERMIN TION DES
PRESSIONS DANS LES PALIERS COMPOSES nga DES SHRFACES PLANES
RECTANGULAIRES, ET LUBRIFIES AUX GAZ. {(In French). Rev.
Enumaine Sci, Tech. serxe %ecan ﬁasl., wvol. 9, no. 1, pp. 145-
155.. {3§c§}.> :

The possibility of determining the pressurés in bearings consisting
of plane surfaces, by using a particular approximate differential
-equation i% examined. For two<dimensional motions, the soltutions
aré cobtained in = simple form. The pressure distribution is also
deduced in an explicit form for a bearing of finite iength consist-
ing of two inclined plane surfaces.

Constantinescu, V.N.
ON HYDRODYMAMIC INSTABILITY OF GAS-LUBRICATED JOURBAL BEARINGS.
Paper 6i-Lub-2% presented at ASME an&.éSEﬁlilnterﬁatlagal
Lubrication Conference, Washington, D.C., October 13-16, 1984,

The dynamic behavior of gas-lubricated journal bearings is dis-
cussed in the light of the author's general theory of small per-
turbations which provides equations for motion of two lubricated
bodies in a system of Cartesian coordinates. The theory and the
stability conditions of two gas-lubricated journal bearings are
analyzed at length. A more elaborate theoretical approach is
seen to be necessary to différentiate more precisely between
éiffereﬁt types of instahiiitg due to perturbations, oscillations,
r their combined effec

L L0
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64-~0386 Constantinesen, ¥.X.
0N GAS LUBRICATION IN TURBULENT REGIME., Trans, ASME, {J. Basic
Esg £.), vol, 86 D, no. 3, pp. 475482, {(September 1954},

This paper first an 1} e2s the transient conditions from laminar %o
turbulent regime for gas lubricated bearings. Then the pressurs
egquation is deduced fa seif-acting gas lubricated bearings by using
Prandtl’s mixing length theory. A simple method for determining the
pressure and the sserat ing characteristics for bearinge opersating at
high puwbers ¥ is given, based on an analogy with the corresponding
lamingr case. The pressure equation is also given for thrust and
journal gzs bearings under variable forces and velocitiss, The iast
two sections examine the influence of turbulence in externally pres-
‘surized gas bearings and the influvence of inertia farces, respective-
1y. The results obtained show that the turbulence does..not gqualita-
tively alter the Operating conditions of gas lubricated bearings.
Eereév&r, the influence of turbulence in self-acting gas aearzags

is less important than iIn the case ¢f liguigd

P

even pegligibie when the bearing operates at h

o
=
£

64+037 Constantinescu, V. N,
APPROXIMATE DETERMINATION OF THE PRESSURE DISTRIBUTION IN GAS
) ‘lﬁBRISéﬁgﬁ BEARINGS IX TURBULENT REGIME. {(In Engiish).
. Rev. Roumaine Sci. Tech. uerxe"geﬂaﬁ. Ansl., vel, 9, no. 4,
Pp. 771784, (13643,

‘The equation of pressures for gas lubrication in stationary turbu-
lent regime has been demonstrated previously to have the same form
as in laminar regime, namely:

~ ¢ - - 3_ ~F _.;’
2 [F%% 3} L2 [i%p a =6 APXhi

ax - 8X e

MM"‘

where p = pressure, h = thickness of the Jubricant layer,
pciytroplc exponent of the evolution of the lubricant gas,

n=H , @

F o d
E =

3)

wine
s

J
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ext
w

JT— © elongation for a great value of H. The present paper points
out that with certain corrections the relations for determining
pressures remain valid fos any K number. This fact is demonstrated
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by applying the method of linearizing the equation of pressures for

the laminar regime., By means of the results obtained, the opersting
characteristics of gas lubricated bearings are determined, in rela-

tion to their corresponding characteristics in laminar regime,

Constantinescu, V. N,
ON SOME SECONDARY EFFECTS IN SELF-ACTING GAS-LUBRICATED BEARINGS.
ASLE Trans., vol. 7, pp. 257-268. {(July 1964).

Analysis of some secondary effects which can influence the operation
of self-acting gas-lubricated bearings, such as the effect of the
inertia forces, thermal effects, turbulence, and the effect of the
molecular character of the flow. In order to point out their guali-
tative influence, as well as the conditions in which such influences
can be important, the case of infinitely long bearings is considered;
however, for the computation of quantitative effects, the real case
of £inite bearings is used,

o

‘Crocker, W.8,
APPLICATIONS OF HYDROSTATIC AIR BEARINGS TO METROLOGY.
Massachusetts Institute of Technology, Report R-469,
October 1964, AF contract AF 04(§%4)-553.

Favorable characteristics of this type of bearing are illustrated by
‘examples, Advantages illustrated are low torque, no stick-slip actien,
accuracy of rotation, support with negligibie loading, stiffness at
zero speed, higher range of stiffness under extreme loading, shock
resistance, and nearly constant torque characteristics, The bearings
are compared with ball bearings, There are two disadvantages: an

air supply is required and seismic noise affects delicate readings.

Crowe, ¥.E.
GAS-BEARING BLOWER MANUFACTURED BY SOCIETE RATEAU FOR THE ULTRA
HIGH TEMPERATURE REACTOR EXPERIMENT. Rotating Machinery for
Gas-Cooled Reactor Application, Proceedings, Gatlinburg,
Tennessee, November 4<6, 1963, TID-7690, HMay 1564, pp. 365-370.

& helium blower operating on hydrodynamic gas bearings has been manu-
facturad by Societe Rateau for the Los Alamos Scientific Laboratory.
This type of blower was selected for use in the Ultra High Temperature
Reactor Experiment because of highly radioactive system contamination
resulting £rom the iInvestigation of unclad fuel elements., This blower
is designed for the gas cleanup loop through which about one percent

of the primary loop coolant will be diverted for the removal of fission
products and other impurities. Each of the hydrodynamic journal bear-
ings consist of three 115° arc, tilting pads, preloaded by means of a
spring on one pad. The thrust bearing, which handles the major portion
of the load, consists of three 60° arc tilting padg, Bearing surfaces
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are coated with "Glacier DU, a eflon sintered bronze. All pads
are pivoted on tungsten carbide points, Helium in the motor com-
partment is circulated by means of holes bored in the holiow shaft
above the upper bearing. Design features for & blower are also
described in report LADC 6093 issued by the AEC Division of Techni-
cal Information under contract W-7405-Eng-35.

iy
£
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Di

64-041 Crowe, W.E., J.H. Russell and B. Sterniicht.
A REPORT ON THE STATUS OF GAS LUBRICATION FOR TUREOMATHINERY,
Rotating Machineryv for CGas-Cooled Reactor Application, Pro-~
ceedings, Gatlinburg, Tennessee, November 4-5, 1963,
TID-769C. May 1964, »pp. 331-364,

Some of the reasons why gas bearings are being applied to specializegd
turbomachinery are discussed, Several of the facters that must be
considered in selection and design are outlined, Also, attention is
focused .on the limitations of current knowledge andé on a number of
remaining problem areas. Illustrations are given for rotors supported
in self-scting and in externally pressurized gas bearings, These
rotors range from a fraction of a pound to several hundred pounds in
weight,

L 64-042 Crowe, W.E. and Hans Schwarz.
DEVELOPMERT OF UHTREX GAS-BEARING OOMPRESSORS. Rotating
Machinery for Gas-Cooled Reactor Application; Proceedings,
Gatlinburg, Ternessee, November 4-6, 1963. TID-7590.
May 196%. pp. 253-263,

Two helium blowers operating on hydrodynamic gas-bearings have benn
developed by Mechanical Technology Incorporated for the Los Alamos
Scientific Laboratory. These blower designs were selected for uss

in the Ultra High Temperature Reactor Experiment because of the
highly radioactive system contamination resulting f£rom the investi-
gation of unclad Fuel elements. The smaller of the two blowers is
designed for the gas cleanup loop through which about one percent

of the primary loop coolant will be diverted for the removal of
fission products «&nd other impurities. Hydrostatic journal bearings,
requiring an external source of 12 psi additional pressure, are used
tec raise the rotor assembly to avoid wear during stopping and start-
ing intervals when the hydrodynamic bearings sre not operating within
their design range. Each of the hydrodynamic journal bearings con-
sist of four 80U arc, tilting-pads,which become self-acting at 3600
rpm and have been proven stable up to 14,000 rpm. The thrust bear-
ing has itwo Stationary Whipple groove thrust plates pumping radially
inward,
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gs*:he;}i g;g§
{EXPERIMENTS WiTH BEARINGS . GASDYNAMISCHE 1AGER. (in German).
own Boveri Mitt., vol., 31, no. 12, pp. B21-832. (December 1364},

ki g
rq

Kew possibilities are given io the designer of machines in many fields
by the development of safely operating gas lubricated bearings, es-
pecially bearings in high-speed medium weight shafts. A review of the
fundamentals and probléms of gas lubricaticn is given. The téchniques
used by Browh Roveri for the s<iution of these problems is fllustrated
by &n example of the design of circulating compressors with helium for
gas cooled high temperature reactors. For certain applications of
+thermal turbo machines, considerable simplifications of Jdesign and
thus technoiogical advantages can be achieved by gas lubricated bear-

- inge with the operating ga$ as lubricating agent. Experiments per-

formed in the Brown Boveri Laboratories show that the prinmcipal pro-
blems of gas bearings; load capacity and stability, can be solved by
the proper shape of the contact surfices, appropriate design and accu-
rate consiruction of the bearings. In future developments of gas bear-
ings of larger dimensions, the trend will be towards higher load ca-
pacity and iower spesd of contact rotation, There will be no change,
in all likelihood, in the use of pressurized gas during the short
pericds of priming and shutdown, because of the incérezsed ciftumferen-
tial speed and bearing ltsd and since fio othel material can guarahtee
the same freedom from weat and unlimited working 1ife as the lubrica-
ting film generated by the pressurized gas. Based on the expsrience
gainéd in the construction -and the development work of gas lubricated
machines angd the optimum utilization of the load capacity of the bear-
ings; as explained in this paper, it can be conciuded that it is feasi-
ble to design safely operating larger turbe machines with gas lubri-
cated bearings,

Dworski, Jurajd
‘HIGH-SPEED ROTOR SUSPEKSION FCGRMED BY FULLY FLOATING HYDRODYRAMIO
RADIAL AND THRUST BEARINGS, Trans. ASME, {J. Engng. Power), vol.
36 A, pp. 149-160. {April 1964).

A hvdrodynamic suspension for a 44,000 rpm gas turbine rotor, with
emphasis on the interactioh between the flexible rotor and ifs sup-
portg is described, Bearings with relatively large clearances are
shown to allow continuous operation at the rotor's £irst critical
speed of 22,000 rpm. The apparent absence of hydrodynamic system
instabilities is attributed to the use of simple floating-sleesve
bearings. A parametric study of the influence of bearing clearance
upon. vibrational excitation relief is presented, as are test data
obtained on actual systexm hardware.
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The elesctronic method of the measurement of the shaft position
within the bush is presented. In the case conzidered, the lubri-
cation of the bearing is performed by use of the gas. The trans-
ducers of the throttle type ars used o measure the shaff posi-
tion., Shaft movements cause variztions in the impedsance of in-
ductive transducers whick in turn cause the unbalancing of the
a-c bridge of which they are part. The bridge outpuf, in the
form of an amplitude-modulated carrier, is supplied to an a-c
ampiifier znd then demodulated and tranmsferred fo the plates of

& cathode=ray oscilloscope, A blot of shaft movement ¢an be
obtained by monitoring the shaft position with respect to ths
bush in two digmeters. at right angles znd by suppliyving the
demodulator outputs to the X- and Y-plates of pscilioscope. The
Telec ¢éazmera is used to record the shaft movement in the fime
domain, The record is obtained on the pzoillograph film with 2
time resciution of §.01 sec. The apparatus can be used for shaft

#

s
diameter of Z in., and for rotation of 25,0500 rpm.

£4-04 Ertaud, Andre, Jeah Friberg and Pierre Maginot.
AERQDYRAMIC BEARING. Y. 5. Patent 3,1%3,3B7. Applied May

w;r
wil i
) 4
i
»

b

29, 1982, TIssued August &,

This invention relates to aerodynamic {self-acting) bearings com-
prising s rotary shait rotating in & bushing with 5 s1ight clear-
ance being provided between these two parts. The clearance is fed
with & gas under préssure which Supporis the movable shafr through
a gas w fFect similar o Ihe “oil wedsge™ sffect wiiich ocours
in plain icated bearings. The invention comprises in com~
bination, one hand a fine groove provided in the ceniral
portion ternal surface of the stator and op the other hand
pumping rmitting exhaustion o be effscted zt one end of the
bearing a manner as to subject the end to z "low pressurs™,

ol

£

AIR BEARING 13827,

Issued Qcio
This invention consists of a rotatable disc supported by sxier-
nally-pressurized gas ricated bearings in conjunction with an
externally-pressurize Other mechanical refinements ars
aiso inmciuded., It is hat this desigre resalts in = low
turbine torgu. and min rates,
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Eghel, A. and H.3. Elred, Jr.
THE THEORY OF THE INFINITELY WIDE, PERFECTLY FLEXIBLE SELF-
ACTING FOIL BEARING. Ampex Corporation. Res. and Engng.
Pub, RR 64-14, December 196%4. '

The differential equations applicable to the film thickness be-
neath an infinitely wide, perfectly flexible self-acting tape
are derived in this paper, Accurate numerical solutions are
obtained for the film thickness in both the entrance and exit
regions, These solutions have general applicability to situa-
tioshs where the entrance and exit regions are separated by a
thiiJ region of uniform thickness,

-Eusepi, M.¥, and P, Liwis,

RESEARCH -ON GAS LUBRICATION AT HIGH TEMPERATURE AND LOW

" FLOW RATES, Mechanical Technology, Inc. Fifth Quarterly
Progress Report, Report MTI-64IR53, September 15, 1964,
AF contract AF 33(657)-10694.

The ol jective of the program is to Jevelop nitrogen, gas-lubri-
cated, journal and thrust bearings that have the best potential
for stable operation over the ranges: Temperature: 80 F to
1900 F; Speed: O to 60,000 RPM, This report summarizes the

-complete experimental work on the 360 degree hybrid bearing in-

cluding both the inherent and: orifice compensation cases. Alsc
ineluded in this report is -a summary of experimental work cur-
rently in progress on tne f£lex pad bearing.

Edsepi, M.W, and P. Lewis,
RESEARCH ON GAS LUBRICATION AT HIGH TEMPERATURE AND LOW
FLOW -RATES, Mechanical Technology, Inc. Sixtn Quarterly Progress
Report, Report MTI-64TR70, December 15, 1964, AF contract AF
33(657)-10654, i i
The objective of the program is to develop nitrogen, gas-lubri-
cated, journal and thrust bearings that have the best potential
for stable operation over the ranges: Temperature: 80 F to
1900 F; Speed: O to 60,000 RPM, This report summarizes the
experimental work to date on the flex pad bearing. Described
also are the efforts which were devoted o readying the equip-
ment for high temperature operation and the start of the high
temperature evaluations on the 360 degree hybrid bearing.

~146~
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Eusepi, M,W,, J.5, Meacher ané P, Lewis,
RESEARCH ON GAS LUBRICATION AT HIGH TEMFERATURE AND LOW
Fi0W BATES, Mechanical Tezhnology, lnc., Fourth Quarterly
Progress Report, Peport MTI-S4TR=-35, June 25, 1964, 4&F
contract AF 33(657)-1069%4,

In the program tec devalop nitrofen, gas-lubricated, journal and
thrust bearings with stable operation over z speed range, two
bearing concepts were selected for experimental work--the 3600
inherentity compensated hybrid bearing and the flexure-mounted
hybrid pad bearing, The test program and the results of tests
completed to date are given for the inherently compensated bear-
ing, and the assembly drawings for the pad bearing ave presented.
A cumplete description of the test facility is included.

Evans, J.L.
MODIFIED GAS BEARING IS ADJUSTABLE TO OPTIMUM STIFFRESS
RATIO, NASA Tech. Brief 64-10050. August 1964,

The problem was to provide a rapid, inexpensivé means for accu-
rately adjusting the radial-to-axial stiffness ratio of a Spheri-
cal gas bearing conventionally used: in certain instruments. This
type of bearing consists of & rotor with concave spherical inner
surfaces that are positicned by a layer of gas in a smzl1l annular
gap around the convex surface of a sphére. Preéssurized gas is
fed into the gap by two series of orifices Iscated at equal lati-
tudes on each side of the equatorial plane {(perpendicular to the
bearing spin axis) through the sphere. The stiffness; or resis-
tance to change in gap width as the load wvaries; is provided by
the regulating effect of gas-pressure variations in the gap. The
restoring forces tending to maintain a uniform gap ardund the
sphere can be resslved intoe radisal and axial components, which in
many instrument applications must be kept nearly equal., In the
of the bearing geometry. and changes in this ratio can be made
only by precise machining of these parts. The solution of the
problem was tc add = series of gas passages in the equatori-

al plant of the sphere which feed into orifices chat can be
readily changed in size tn provide the desired stiffness ratio,
The -gas passages and orifices are machined st uniform inter-

vals along the equatorial- section of the sphere., The effect

nf the equatorial orifices is to increase the stiffness ratio

by changing ths radial stiffpess without changing the axial
stiffrness, Thwe magnitude of this effect can be varied

by plugging some of the equatorial orifices or by changing
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their gsize. Both methods of changing the orifices may be used
gimultanecusly to provide considerable flexibility in adjusting
the stiffness ratio of the bearing.

: 54053 Feldmeier, J.R.
. BEARING RESEARCH SPINS ALONG. Irom Age, vol., 134, no. 4.
pp. 102-3. (July 23, 1964). ’

Research work on hydrostatic, gas-lubricated, and partial fluid
film bearings, rolling element bearings and metal-elastomer bear-
ings is briefly reported. At the Franklin Institute Laboratories,
Philadelphia, digital computer programs which require fewer assump-
tions were developed to provide design data for hydrostatic bear-
ings. Analysis was completed for predicting performance of self-
acting (hydrodynamic) gas-lubricated, partial-arc, finite-length
journal bearings at steady-state conditions,

64054 Ford, G.W.K,
THE PLACE AND SCOPE OF GAS LUBRICATION. Gas Lubricated Bear-
inigs, edited by N.S, Grassam .and J.W, Powell. Butterworths,
1964, pp. 3-24, )

Topics discussed include classes of gas bearings, advantages, and -
size limitations,

§4-055  TFord, G.W.K. ,
GAS LUBRICATICH IN SPECIALIZED M.BHZR”" Engineering, vol. 195,
no. 5135, pp. 369-371, (September 18, 19607,

The two main classes of fluid £ilm bhearings are described. Gaseous -
‘lubricants score over liquids mainly because -of the almost unlimited
ugable temperature range and their low viscosities. Since gas vis~ ~
cosities increase with temperature, and bearing perfsormance conse-

quently improves, the converze of liquids, the upper temperature

1imits depend only upon the bearing material. The self-acting bear-

ing has usually beern selected for application as az gas cireulator

because it avoids the need for comprassing the gas for the bearing -
feed and for disposing cf the exhaust, Other applications, suchk as i
in liquid pumping, machine tools and digital computers are discussad.

&4-G56 chter, D.J.
T ANALYTIC DESCRIPTION OF MEANS FOR STABILIZING A HYDRODYNAXIC
Géu BEARING, Paper 64 - Lub-23 presented at ASBME and ASLE,
international Lunrlca icn Confarence, Washiugion, B.C., Dotobe:
12-16, 156%
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frequency is described. Hydrodynamic plain journal bearings
with compressibie lubricants have failed under sSmaller dynamic
lpads than those that wera predicted by static analysis. Per-
turbation of the time-dependent Reynoclds' equation shows that,
for the plain journal bearing, there are two principal rescnant
frequencies in the cylindrical mode, and three in the conical
mode. The lowest réspnant frequency in both modes, which occurs
at one-~half rotational speed, makes the plain journal bearing
unsuitable for application in vibration environments. General
performance curves for the new bearing are shown for the static
load=carrying capacity and damping factor as functions of the
bearing's parameters., Data for these plots were obtained from
a two-speed analog-computer study, in which pressure distribu-
tion around the bearings was repeatedly caiculated while motion
of the rotor was continuously simulated,

Freeman, A...
CORSTRUGCTION AND TESTING OF GAS BEARING GYROSUOOPES.
Massachusetts Institute of Technology. Informal Monthly
‘Letter Report No. 45, for the period June 1-30, 1964.
Contract NObs-78136, July 15, 1964,

The major effort of the program was directed toward construct-
ing and testing of gas-bearing gyroscopes. Special effort was
made to incrsase the slew capability of the fifth gyroscope

" wieéel patkage by grooving two chrome oxide imners 0.014 in,
wige, An aiternative method of heat exchange for the oil in

the E-iést station was adapted. It consists of tapping chilled

water (289} from a nearby air-conditioning unit aznd: piping it

directly into the heat exchanger.

Fricker, H.W.
DRY FRICTIOR IN GAS BEARINGS AND SHAFT SFALS. Rotating
Machinery for Gas-Cooled Reactor Application, Froceedings,
Gatlinburg, Tennessee, November 4-6, 1963, TID-7690.
May 196%. pp. 106-120.

Various materials for gas bearings were tested for Erictional pro-
perties and start-stop performance. Sintered bronze impregnated
with PTIFE gave low friction and wear at mediuvk temperatures: OCar-
bon, Iubricated uifh‘ﬁosﬁ,zave low wear and friction up to high
temperaturas (600° C) .and freedom from seizurs. Start-stop per-

formance was detcrmined by continuous running plain bearing tests.
Hard chL ome against cast iron (Meechanite)} gave very unsuccessful
results, K-mcnel against har‘ chrome shoved some imnrevement and
S-monel-havd-chrome gave acceptable performance, The best per-~
forzance was given by sand or vapor Blasted, ésaé-t“ﬂated nitrided

steel against nitrided steel. Thass tesks were carried out in an
inert atmesphere, wostly neiium, of wigh puriiy. Water vapor con-
an¢ 20 volume parts/million {vpm} and

cepirations were between 10 zn
oxygen Telow 12 vph.
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Fricker, #H.¥W.
THE CHOICE OF BEARING MATERIALS. Gas Lubricated Bearings,
edited by N.S, Grassam and J.W. Powell. Butterworths, 1964,
pp. 181-=202.

The need for a material combination with a good rubbing behavior

is stressed since it is not possible to guarantee contact-free
rufining at all times, Design and operation factors must be taken
into account as well as material properties such as machinability,
physical and metallurgical stability, strength and elastizity,
thermal conductivity and expansion, chemical stability, and gas
permeability. These are discussed. Suitability of various
materials, surface treatments, and material combinationgs are inves-
‘tigated. Promising materials include: Glacier, DU, PTFE, carbons,
and -dry lubricant films,

‘Grassam, N.S., Editor.

GAS LUBRICATED BEARINGS. Edited by N,5. Grassam and J.W. Powell,
Butterworths, 1964. 309 po.

This work is based on a three day course of lectures and discussions
on the design, manufacture and operation of gas lubricated bearings
organized by the editors in the Department of Mechanieal Engineering
of the Univérsity of asathaa§ten in March; 1903. But this is not

‘mereiy a reprint of the papers then presented. The lecturers at

this course have co-operated with the sditors and have éxpznded and
develspec their subject matter, while also cbviously taking nots of
points raised- in the~§1scu331035. Chapter 1; by G.W.K, Ford (U.K.

A E.A,, Wipfrith) deals with the Place and Scope of Gas Lubrication,
Chapter 2, by D. Pantall (U.K.A,E.A., Winfrith) deals with the Design
of Aerodynamic Bearings and includes calculations of load-carrying
capacities, tilted pad journal bearings, disc thrust bearings, safety
facters, etc, Chapter 3, by 3. Whitley (U.K.A.E.A., Capenhurst)
deals with Instabilities in Self-acting Bearings and covers synchro-
nous shaft vibration$, etc. An appendix dealing with the stability
of aerodynamic bearings has been included in this chapter. This out-

.

~1lines new theoretical work by Dr, H., Marsh at the Universi ty of Cam-

bridge and repreents a breakthrough in the problem of half-spesd
whirl., Chapter & %y G.L.. Shires {(U.K.,A,E.A_, Winfrith) on the Design

U::‘ [

of Externally Pressurized
influance of jet earf Zuz

sion and deceleration on
+er 5 on Dyvnamic Charact

by J.¥. Powell (Micro-Turl
subjects as synchronous un
measurement of radial stiff
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material properties, material combinations and selection, OChapter
8 by D. Pantall concerns itself with General Production Methods,
including inspection methods. Chapter 9 by K.R. MclLachlap {Univer-
sity of Southampton) on Techniques of Measurement discusses trans-
ducers, and electronic equipment. The third section is devoted to
Some Specialized Applications. Chapter 10, by A.G. Patterson
{Admiralty Compass Observatory) on Precision Bearings for Gyros,
and Chapter 11 on the Apnlications of Externally Pressurised Air :
Bearings to Measuring Instruments and Machine Tools, by H.L. :
Wunch (East Kilbride) cover between them, typical practical examplss
of the use of these bearings., To avoid overweighting the book with
mathematics, the fundamental equations have b~~~ given but the often
lengthy intermediate derivations have been omitted., The book is
profusely illustrated with photographs, graphs, and line drawings.
The bibliography refers to 375 papers and articles on gas bearing
lubrication.
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54-061 Gray, D.L.
TESTS USING HYDROSTATIC GAS BEARINGS, Rotating Machinery for
Gas-Cooled Reactor Application, Proceedings, Gatlinburg,
Tennessee, November 4-5, 1963. TID-76%0, May 1954. pp. 303-312,

Two requirements led to the present hydrostatic gas bearing experi-
ment: One was the need for a very sensitive balancing method for
rebalancing the Bristol Siddeley rotary assemblies after maintenance
gctivities., The successful design and operation of the balancing
machine gave confidence that a circulator for the now defunct

Pebblie Bed Reactor Experiment could be designed znd built -on ORNL.
The test bed was assembled before procuremient was Stoppéd. Experi-
mental apparatus is described and there is a sectioh on experimental
Tesults. There ars £ i

e e, e,

Cnqgrn

54-062 Grossman, N., J.P. McGee, H. Schwarz and Benoc Sternlicht.
GENERAL CONSIDERATIONS IN THE APPLIGATION OF GAS BEARINGS TG
LORG LIFE TURBOSACHINERY, Paper F71E presented zat SAE and
ASME Air Transport and Spacs Meeiing, New York, H.Y., April
27-38, 1864,

The applicat gs to turbomachinery, In particular

the mechanica i t results for a high-tempera-

ture gas be ssed. The advantages of using

gas bearing no contamination of the system

environment s Operation over a wide temperature -
range, resis breaizdown ¢f the lubricant, resistance

tc damage by high reliability and long 1life, elimina-

tion of iube g increased overall efficiency. Turbo- :
machinery emp ings is necessary in nuclear and space -
£ields where v, long life, and zerc contamination
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requirements prevent the use of ball bearings, iiquid lubricants,
nd seals, The two categories of gas bearings, self-acting
{hydrodynamic¢) and externally pressurized (hydrostatic), are dis-
cussed and compared on the basis of léad-carrying capacity, maxi-
mum stable speed, starting torque, materials compatibility, and
necessary auxiliary equipment.

Gunter, Jr., E.J.
THE STABILITY OF A FLEXIBLE ROTOR
Rotating Machinerv for Gaz-Cooled
ings, Gatiinburg, Tennessee, November 4-6, 1963.
May 1964, pp. 313-330.

SUBJECTED TO ROTARY DAMPING,
Reactor Applicatior, Proceed-
TiD-7690,

One aspect of the problem of rotor stability and certain system
characteristics which influence rotor motion are discussed. This
analysis shows the effect of foundation or bearing housing flexi-
bility on rotor stability, 1In the original experimental investi-
gation, it was found that decrsasing the foundation Flexibility

and introducing damping into the foundation has an extremely béne-
ficial effect on the whirl threshold. From a stability plot, it

is seen that a reduction in the foundation flexibility will increase
the flexibility ratio, R, and rsduce the system critical speed. If
the damping parameter, D, is less that 2, the effect of increased
foundation flexibility will increase the whirl threshold speed.

e

Rt

Gunter, Jr., E.J., J.G. Hinkle and D.D, Fuller.
THE EFFECTS OF SPEED, LOAD, AND FILM THICKNESS ON THE PER-

[T

FORMANGE OF GAS-LUBRICATED, TILTING-PAD JOURNAL BEARINGS.

ASLE Trans., vol. 7, pp. 353-365, (1364},
This .paper deals with the effects of lubricant compressibility on
the pressure profile and total locad capacity in a partial journal

bearing; pivot pressure as a measura of shoe load capacity; shoe
friction characteristics; and optimum si..e clearance ratios for
various speeds, The parameter . is used as an indicator of the
compressibility effect of gas in the bearing clearance.

unt” T, JT,,; Bodes J.5.
AN INVESTIGATION OF

it T
TYT TYYRIT AT TRITGYNAT IWATRTETD TN IETS T ST TRy 5Ta) TE >
TILTING-PAD, JOURKAL BEARIKGS FOR HIGH-SPEED ROTORS, Rotating

. o e % T a . s L
Machinery for Gas—Looled Reactor Applicat ceedings,
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{ 1983, TID~7690. May 1564,
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Hirs, G.G.
THE LOAD CAPACITY AND STABILITY CHARACTERISTICS OF HYDRODYNAMIC
GROOVED JOURNAL BEARINGS. Paper 64 LG -24 presented at ASLE
and ASME, Lubrication Gonference, Washington, D.G,, October
13-16, 1954,

The resultant pressure components and *he stability characteristics
of three grooved-bearing types are deitermined. The determination

is made for the case of ne2ar-center operation and noncompressible
lubricants. Bearing parameters are optimized in search for the

best stability characteristics, Behavior at greater eccentricities
and the use of gaszous lubricants are dealt with qualitatively. The
experimental results are found to agree with theory. Grooved
journal bearings are found to have good and predictablie stability
characteristics. 1t is concluded that the grooved bearings can be
stable at canter and near-center operatiopsg, while plain journal
bearings are not stable for that case.

T ay

Johnson, H.I, and O.A, Wobig,
PREIMATIC POWER IS TEARSMITIED THROUGH AIR BEABING. XNASA Tech.
Brief 64-103181, ¥ 1354,

.
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There was a problen in providing an efficient system for simultane-
pusly delivering kigh-pressure air to an zir bearing and to phneu-
matic equipment mounted on = structure supported by this bearing.
Conventional methods for supplying pneumatic power to z movable
structure on an .zir béaring require compressed-air bottles on the
structure pr the biping of air from a remote location usirg 2z

£lexible hose or rigid passages with rotary seals, The use of zir
bottles adds excess bulk to fhe struycture and ziso causes fime &

be lost when it is necessary fo replace the bottles. Flexible hoses
restrici the amount of freedoo of the structure, znd sealed rofary
joints introduce undesirable friction. The Solution to the problem
was z system employing s conventiona i i

sphere with z centrzl passzage that
pneumztic equipment housad on the sphere

trends In machine~tosl snd instrumentation technology have
pizcagd increasing exmphasis on the development of exterm g

- S - & a

ized 1iquid bearings I¢ obiain psriormance characteristics that are
gifficult to achievewith rolling contact bearings, Ligquid bearings
arz inkerently capable of providing smoother gperation than rolling-
contact bearings, znd 2iiminate the need for spscial lubricants that
must remain effective In extreme environments {e.g., under highk

A
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treats the case of an intompressible lubricant.
equation is integrated with respect to the
space coordinate and the relative displacement of the slider is de-
séribed by a nonlinear, second-prder Gifferentiazl equation. Pertur-
bation sglutions are obtained, which permit successive approximations
of smail deviations from the equilibrium gap width. The second part
of the analysis treats the case of 2 gaseous lubricant. & guasi-
statje variation of the pressure field is assumed an
stated in terms of lumped parameters, The continu
the esquation of motion ure linearized, yielding a
1

part of the analysis
The dvnamic Revnolds

o

ential equation for smzll displacements of the siider from the egqui-
librium gap width, Results ares discuxsed, with particular refsrence
to the sffect of the squeeze number, ¢ , on the response of the

Licht, Lazar and ¥ X, Kaul,
EFFECT OF MISALISRMENT O A SIRGULAR | EXTER

f
* EYs SRS 25
=z Y S = T Fa TP RIS - Dy - 5.
GAS LUBRICATED BEARING, Traps. ASME, (3. of Appl. Mech.},

vol. 31 E; mo. 1,

In their brief note the s 2

anaiysis as z way of furnishing means of estimatin
4 %

alighment of externally pressurized bearings, It is

externaliy Tecognized
that tke probler is mathematically complex and thar, so far,
gict the dynazmic responss from
*]

attempis have been made o pred
static bearing characteristics, -
quent a2pplinations in systems wWhers the preédiction of their dynamic
response is of gread ; T
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Lindner, B.HE.

IR TET RIS = d =3 . 9 3t oI ) x —-— T T o2
BEARINGS, . 8. Patent 3, 153,833, {fc Alwac Intermational,
X I3 a3 RF- 3 R, oI k3 3 “Ta= 3= b EsT
Inc ). Applied March 28, 1I558. Issused July 13, 1964,
— e e m o =ow .y . s %= - .
This patent dezxis with z for= of hemispherical, externzily-pressur-
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64-080

Lynch, R.J.
EVALUATION OF THE STRATOS MODEL GBN100~-1 AIR CORDITIONING
TURBINE FAN ASSEMBLY (PART 103430) IHCORPORATING AIR LUBRI~-
CATED BEARINGS, WNaval Air Engineering Center, Final Report,
Report HAEC-AEL-1771, July 29, 1964,

The objective of this evaluation was to deternine the feasibility
of air lubricated bearings for service use in air¢raft air-condi-
tioning turbine fan assemblies as an improvement in reliability
over the conventionsl ball bhearings currently in use, A turbine
fan assembly developed for, but since discontinued for use in,
the A-6 aircraft, was employed., A limited evaluation program
indicated the air bearing configuration used in the assembly
would require considerable additional development work before an -
adequate d4:termination of the feasibility of air-lubvicated bear-
ings would be possible. The design maximum assembly speed was
80,00C rpm, but failure occurred at 38,000 rpm after a brief
operating period. It is recommended that sdéditional cevelopment
work be discontinued pending the outcome of current -gas-lubricatead-
rearing investigations noted in this repork.

MecLachlan, X.R.,
TECHNIQUES OF MEASUREMENT, Gas Lubricated Bearings, edited by
N.¥. Grassam and J.W. Poweil, Butterworths, 1964. pp. 219-2335.

<Jlectronic technicues .srz discussed. Traniducers suitable for gas
bearing work are examined. Included are dispiacement transducers -
capacitance and inductance type, forxce transducers, piezo-elzctric
type force transducers, velncity and acceleration fransducers, and
force generators, Electronic equipment discussed includes Wayne
Kerr Vibration Meter, cathode foilower, photo-electric circuits,
speed measurement, and phase measurement, Examples illuetrating
use of the various techniques and equipument zare included.

Ma, J.T.
AN INVESTIGATION OF SZLF-ACTING FCIL BEARINGS, Ampex Corpora-
tion, Res. and Engny Pub, RR 64-3. March 1%64, Navy con-
tract Nonr-3815{00).

Experimental resulits on the interior and exit region fiim thickness
measurements of self-acting foll bearings are presented and dis-

cussed. These measurements were made with capacitive sznsors and

conductive foils. The measurad and predicted values agres very well

within the raige of non-dimensional parameters, hy/R, from 10-% wo

103 and, T/JL U, from 105 tc 108, The agreement deviates for

values beyond these ranges. Empirical erpressicns for predicting

the constant and minimum f£ilw thickness applicabie bejond thes=z

raages are also presented. They are valid within the range of h,/? *
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Maas, M.A.
TORSION WIRE IN L
DYNE. Design News, vol, 19, rno,

The fixture,
was built to ¢
The bearing, desig
fieid., The £fprce

Fastened to the plate is
bearing mounted on the,ﬁ
bearing rotor and susp

m;'j

Mahoney, J.W,

HIGH PURYTY AIR COMPRESSOR SUPPLIES PERSHING
1

Hydrzulics
ember

ang Pneumatics, vol,
1564).

{Sepre
The air cehpressar asses
accessory eaulvmeﬁf that enab
reliably fYor =aissile geo
scrm jlvcharge at 3000 peig
125%°F and 29.92 in. ig, It operates i
-550F to 125%P. Aiv outlst femperature

1'15

Malanogski, 3.B. and C % T, Pan.
HE STATIC AR INAMIC CHARACTERISTICS or
IERUST B;Ahlku, Pase} g#—Lﬁb—ﬁ
interpational
13~15, 1%s5&,

A generalized analysis
sented, The eftfects of
Zrooviag geometry and the samz Ins
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W ad

capacityv., The analysis also treat3 a relative, Lrangverss,
tor, motion of the bearing surfaces., Both the magnitidz and phase
angle {in the temporal gzsnse) uf the bearipg reaction are dependert
on the freguency of th¢ motion, The results for the pscillat
motion reveai the possibility of a seif-excited, rctor-hau
bility, The criterion for determining the conset of this t
instability is given,

Mare, D.B., M.T. Norton and T.X, Strobridge.
. CRYOGENIC MAGNET REFRIGHRATIGN, Boulder Labs. Nat, Bur. Stsnd

XY

-

Rep. 8239, February 1, 15¢4.

Refrigeration processes {(Joule-Thomson expansion, 3rayton cycle,
Stirling aycle, ard Cluaude cycle) were investigated, together with
the reheat conceph, The applicability of cenventional fuzbine de-
sign methods to refrigoaration systems was demonstrated. Efficien-
~ias of 2C% in a turdine supported by gas~iubticated bearinge were
acaieved. A pulszed vefrigeration system for cccling a magnet with
preszerized helium gas was studied extensively., £ provosed steady-
gtate rzfrigecsation systée fo remove hazt {rom the circulating sys-
tem is discussed. Refrigsrant properties were also put into reacily
usable, up-to-~date form,

"

{',“. n,

Marsh; Harry. i -
THE STABILITY OF AERODYNAMIT (WS BEARINGS, FAET 1I, NON-
CIRCULAR BEARINGS, Canbridge University, Fngland. June 1934,

¥hHis report exténds the lineasized theory (cee Ref, #63-03 in
this bibilograghy) of bearing bzhavigr té systems nith non~ciraular
bearings, or <otor. The miin interest is in tihe stabiiity of these
non~-circular systews, but tie problem of vibration capacity is alse
discussed, It is shown that a system with & nca~circular bearing or
voter can ve stable when unleaded, provided that ex«rtain conditivns
are satisfied. Therz is a marked Cifference in the bshaviozr ¢f a
+ve lobed besaring and a three lobed bearing. For thesz two geome-
tries, tho effect of varying the bearing parameters ieads tc ¢om-
pletely different forms for the regions of stable ogeratinn. A few
gxperimental results sre given for a system with a three lobad

rotor and thesz show good agreement with the thesretical prediction
of a region ¥ instability at low rotational spreds, The theovy of
bearing stability for flexibly mounted bearing systems is extended
to includs the effect of Jdamping in the bearing mounting. A lew ex-
periments are described for a bearing aounted in a plano wire mesh
and the results shocw close agreement with the theorcfical regicns of
stability., From these experimental results, it is Swssibie to derive
the criterion for whirl cessation in a flexible system. In some
spplications it is imporiant that the Yearing system zhould be able
to withistaud vibration over a wide range of frequencics without the
rotor coming iubo contacet with the bearing #ail., The most severs
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Meacher, J.S.
EXPERIMENTAL INVESTIGATIDR OF A STEAM LUBRICATED JOURNMAL
BEARING. Mecheanical Tachnology, Inc, Repori MYTI $&TRLO,
August 1, 1964, Havy contract \onr—3131 {05) (FBM).

Apparatus and preliminary testing for the experimental investi-
gation of a steam Iubricated journal bearing is described., The
test bearing is an externally pressurized, double-row, orifice
compensated type, 3.0 inches in dizmeter and 2.9 ﬁchen in
Igngth, This work is a continuaticn of a Study of ArnCess

fiuid lubrication wherein the performanec of a steam lubricated
thrust bearing has previously -been investdigated and reported,
The work is directed toward the development of process fluid
lubricated bearings for shipboard application. Stear was
therefore considerad to be Lb lvbricant fiuid with wost poten~

tial for practical agpplication, The choice of an externally
pressurized test bearing, rathasr thsu a hydrodynamic type, was
based on the load capatity requirements of probable shipboavd
appiicatrions. Preliminary tests were coudpcted at room temper-
ature and at 400° F using nilrogen instead of steam as lubri-
cant, A base line of bsaring perfcrmancs was thug established
for compacison with future perfermance with steam at various
conditions.
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Mechk, Christian, J, Poulain and U, W. Fricker,
EXPEXIMENTAL STUDY OF TILTING PAD GAS BEARINGS, PART 1,
RADIAL PADS, O,E.C.D. HBigh Temperature Reactor Project.
Dragon Project Report 306, Part I, December 1564,

An experimental investigation into the behavior of gas lubricated
single radial pads was carried out ou special iest equipment. A
radial pad consists of a segment of a cylindrical shell, pivoted
in one point, in which the shaft is running. The influence on gas
film thickness and shape of the parameters lcad, speed, size,
clearance and pivot location was studied.

Mech, Christian and K.¥W. Fricker,
EXPERIMENTAL STUDY OF TILTING PAD GAS BEARIKGS, PART 2,
AYIAL PADS, O.E.C.D. High Temperature Reactor Project.
Dragon Project Report 306, Part 2, December 1964,

An experimental investigation into the behavior of single, gas
lubricated, axial pads has been carried out using special test
equipment., The tecst pad consisted of an annular sector runnirg
against the axial face of a rotor. Both rumning surfaces were
plane, The influence of load, speed and pivot location on gas

iim thickness was studied and the rzsults compared with various
lubrication theories,

Mech, Christian.
{GAS BEARINGS]. LES PALIERS A GAZ, (In French). Mem. Soc.
Ingen. Givils Fr,, vol, 117, no. 12, pp. 44-52. (December 1964).

The development of the technology of gas-lubricated bearing is dis-
cussed, The subjects treated are: (1) historical review, (2)
characteristies of gas bearings, (3) hydrostatic bearings, (&)
hydrodynamic bearings, (5) mixed systems, (6) orders of magnitude
of operating parameters, and {7) applications, It is concluded
that the use of gas-lubricated bearings is anticipated in the fields
of nuclear and aercspace technologies,

Modrey, Joseph.
GREEN’S FUNCTIONS FOR JJOURNAL BEARINGS. Union College,
Mechanical Engineering Dapartment Research Report. August 1964,
Navy contract Nonr{G)-00025-62.

The Greents Function G(Q;D) for a j
coefficient defining the pressure at point { due a unit of dimension-
k' E

Recause this concept is directly analogous to the £luid mechanics of
hydrostatic bearings, the Green's Function has its most direct appli-

e g i e e

s




cation in this area., Gn rke cther hand, hydrodynamic bearings can
be pictured as hydrostatic earings with a distributed external
pressurization defined by the self-acting effects. Green's Func-
tions are therefore applicable to this area as well, Lipearity of
the Reynolds equation is assumed in the gpplication of Green's
Funations; thersfore, non-linear systems must be made piecawise
linear before the Grezen's Functions may be used. Th

. The Green's

Functions are given as the sum of a closed form funciion and a

Fourier Series. The coefficients of the Fourier Series are given

unctions of peripheral source location and journal eccentricity,
¢

t

or 1800 bearings as well, The data given is applicable
to both compressible and incompressible f£luids. By the use of
Greenfs Function the bearing problem is raduced from one of solving
partial differential equations to one of simple integrations. The
computer programming for iIntegration is considerably simpler than
that for differentiation. This simplicity enables designers not
deeply versed in field equaticns and their convergence to perforn
their own analysis with minimum restrictions on geometry.

L]

Modrey, Joseph.
SOME APPLICATIONS OF JOURNAL BEARING GREEN'S FUNCTIONS. Union
College, Mechanical Engineering Department Research Report,
November 1964, Navy contract RNenr{(G)-00012-583.
The fundamental Green's Function for journal bearings derived in a
previpus report are applied to both externally pressurized bearings
and self-acting bearings. The Green's Function solution agrees
very well with the theoretical solution of a self-acting bearing
with Sommerfeld conditions. Small discrepancies between the Green's
Function solution and experimental hydrostatic bearing data exist at
the higher eccentricities, Differences arise from errors in esti-
mating orifice discharge coefficients, neglect of local turbulent
conditions in the Green's Function solution and tolerances in the
real clearances of experimental models. A1l three of these factors
seem equally iwmportant in an error analysis, hence the accuracy of
Green's Funciion solutions is compatible with the realities one must
reccgnize in applying the theory of lubrication.

Mori, Haruo, Yasunori Miyamatsu, and Shigeru Sakata.
THEQRY OF THE PRESSURE DEFRESSION IN EXTERMALLY PRESSURIZED
THRUST GAS BEARING WITH CONSIDERATION OF THE GROWTH OF BOUNDARY
LAYERS. (In Japanese). J. Japan Soc. Lubr. Engrs, Tokyo,
vol. 9, no. 2, pp. 113-118. (1564},

In order te investigate the fundamental characteristics of externally
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pressurized gas bearings, a theory of the pressure distribution in
the clearance space is Introduced by using a mathematical model of
the fiow in a circular thrust bearing as the simplest case, The
flow model used in this report is advanced from 2 previous report.
That is, the region II of subsonic flow with the growth of boundary
layers after the concentrated normal shock wave is added after the
region I of supersonic Flow which is from a central gas-supply hole
to the shock wave, The region III of fully visccus and isothermal
flow follows the region II, Comparing fthe resuits of the theoreti-
cal solution for the pressure distribution with experimental results,
it was found that the flow model is suitable for indicating the
pressure distribution, especially the pressure depression, for this
gas bearing when the supply pressure is sufficiently high.

Mori, Haruo and Hiroshi Yabe.
ANALYSIS OF EXTERMALLY FRESSURIZED CIRCULAR THRUST GAS-BEARING
WiTH MULTIPLE SUPPLY HOLES. ASLE Trans., vol., 7, pp. 269-276.
{(July 1964),

This is a theoretical investigation, by means of the complex poten-
tial theory, of an externally pressurized thrust gas-bearing with
muitiple supply holes and no recesses. By using a suitable poten-
tial function which satisfied the boundary conditions, the pressure
distribution and volume rate of flow for both an incompressibie
fluid and a cowpressible fluid, and the load capacity for an incom-
pressible fluid are obtained theoretically. The optimum radial
position of supply holes, which gives the largest load capacity, is
then found. t is noted that the theory can be extended to any num-
ber of supply holes,

Mori, Haruo, Hiroshi Yabe and Takayuki Ono.
THEORY OF EXTERRALLY PRESSURIZED CIRCULAR THRUST PCROUS GAS
BEARING., Paper 64 - Lub-19 presented at ASME - ASLE
International Lubrication Conference, Washington, D.C.,
October 13-16, 15964,

The externally pressurized circular-thrust gas bearing with a porous
bearing surface is analyzed. A "permeability coefficient™ is used
to characterize the properties of the porous media. The concepts of
equivalent clearance” and “effective restricting thickness™ of a
porous layer are introduced which permit an analysis of the porous
material in both axial and radial directions censidering £lows in
both the porous material and the bearing clearance as being inter-
connacted. The analytical and experimental results on pressure
gistribution and load capacity are in good qualitative and guanti-
tative agreement.

-164-
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Mori, Haruo, Hirushi Yabe and T. Shibayama,
THEORETICAL SOLUTION AS 4 BOUNDAPY VALUE PROELEM FOR EXTERNALLY
PRESSURIZED DOROUS GAS-B Eﬁ?lﬂ@». Paper 64 - ﬁb-zé presented
at ASME - ASLE International Lubrication Conference, Washington,
D,G,, October 13-16, 1954.

'udn

This paper is based on an analysis previously described, in Japanese,
in the J, Japan Soc. Lub, Engrs, 19(1):35-42 (1984), It attempts to
solve the problem of the externally pressurized porous gas-bearing,
treating the flow in the bearing clearance in terms of a boundary
value problem for a three-dimensional flow in a porous medium, The
apprcach is found to allow investigations of the characteristies for
different bearing configurations, taking inro account the anisotropy
of the porous materiai., An assumption is nade that the flow in the
bearing clearance is laminar and completely viscous, and the flow in
the porous medium conforms to Darcy's law. These theoretical results
are found to yield a more reasonable prediction of porous gas-bearing
performance t an those reported in an earlier paper by these authors.

¥unijiderman, E.A,
NEW FORMS OF BEARING: THE GAS AND ThE SPIRAL GROOVE BEARING.
Philips Tech. Rev,, vol. 25, no. 10, pp. 253-274. {(Cctober 2, 1964).

Types of bearings arve discussed in which friction and wear are re-
duced to very small proportions by the agency of a viscous f£luid
(lubricant) that serves to maintain a small and more or less con-
stant clearance between the bearing surfaces, A Yoontactless™
bearing of this kind does rot necessarily have to be lubricated
with a liquid, such as ¢il; a gas is aiso effective, Particular
zttention is given to gas lubricated bearings, which have beer a
practical possibility for the past 15 years or so. A distinction
is made between two classes of "contactless™ bearing, the externally
pressurized types and the self-acting types., In a comparative
account of the two ciasses some indication is given of the applica-
tions for which each is most suitable. Examples of gas bearing
rplications may be found in turbo-jet engines, gyroscopic compasses,
nuclear reactors, dentists’® drills, ete.

it
4
£

tay LA

Mullan, P.3. and K. H. Rich
JOURNAL BEARING - ANALYSI
ASLE Trans., vol, /7,

AND COMPARISON WITH EXPERIMENTS,
77-287. (July 1964),

"tJ

ic response of externally

Consideration of the aspect of the dynam
ings concerning the plane vibration

pressurized gas journal bear

w;fhoat rotation of a rigid s pported by inherently compen-
sated bzarings. Lumped and distribuyted parameter analyses of the
inherentiy cowmpensated gas journal bearing are developed for small

eccentricity ratios, Curves are presented for static and dynauic
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gas film forces and f5r bearing gas fiow requirements, Experim
tal results are conmpared with the theoriss for the case of §1

vibration. The results are said te agree reasonably well with t§
analyses, considering the difficulty of isolating the gas bearin

and shaft system from external sources of damping.

o
£

Ng, Ghung-Wah,
LINEARIZED PH STABILITY THEORY rOR FINITE LENGTH, SELF-ACTIRG
GAS-LUBRICATED, PLAIN JOURNAT BEARINGS. Paper 64 - Lub,-28
presented at ASME -~ ASLE Internmational Lubrication Conference,
Washington, D,C., Octeber 13-i5, 1984, Navy contract Noar-

36003 (FaM).

Ausman's linearized PH method is applied to the determination of
the finite length effects in self-acting cylindrical gas-lubri-
cated journal bearings. Rotating polar coordinates are used to
derive the principal equztion. The Tesults obtained are generally
consistent with those obtained previocusly for 2z wide range of the
parameters invelved. The method is believed to vield consarvative
figures and to be suitable for handling dynamic problems of nore
complex systems,

Oak Ridge National Laboratory. E
ROTATING MACHIRERY FOR GAS-COOLED REACTOR APPLICATION, ¢
PROCEEDINGS, Gatlinburg, Tennessee, November 4-§, 1963,

TID-7630, May 1984,

Representatives of the .5, Atomic Energy Commission, the Gak
Ridge National Laboratory, and installations throughout the United
States and foreign countries discuss progress in the development of
rotating machinery for gas-cooled reactors. The equiprini covered
in the papers prssented inciude main slawe‘;, shaft seais, gas tur-
bines, gas bearing compressors, and other types of special com-
pressors for reactor or experimental applications,

Fiiﬁziaf PRICTIGN'S DRAG ON MOTION. Iron Age, voi. 193, no, 21,
pp. 133-40. {gc, 2
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64-109

64-110

i,
Wriuall !

ais, Various dyiamic measurement and test methcds are discussad.
Special problems such as friction, *wringing®, and debris are
examined, Work is described that was dope on aetodynamic bearings
for gyroscopes having wander rates of the order of 5%he. This
was conducted at the Admirality Surface Weapons Establishmenz.

Pears, C.D. and F.,J. Digesu.
CAS-BEARING FAGILITIES FOR DETEFMINING AXIAL STRESS-STRAIN
AND LATERAL STRAIN OF BRITTLE MATERIALS T0 5500°F., Paper
presented at the Annual Meeting of ASTM, Chicago, June 1964,

Facilities have been developed for the determination of axial
stress-strain and lateral strain of brittle materials to 5500GOF,
This paper describes those facilities and presents performance
data that confirm the improved capabiiities. Gas-~bsarings were
developed that permit the applicvation of uniaxial loads to speci-
mens in tensina and compression, and specimens with shear gage
sections. Also, optical strain analyzers were developed that
follow the axial and lateral strains wiith an uncertainty of no
more than 20 fMin., thus permitting precise weasures of modvlus
of a ceramic such as alumina or beryllja. Bu.h graphite ano
tungsten furnaces were developed that can be used to heat ' e
specimen radiantly to temperatures in excess of »000°F,

gty

Pelech, Ivan and A,H, Shapire.
FLEXIBLE DISK ROTATING ON A GAS FILM NEXT TO A WALL. Paper
64-APM~14 presented at the Summer Conference of the ASME,
Applied Mechanics Division, Boulder, Colo., Jume 9-11, 1964,

The flow generated by tho rotation of a fiexible disk next to =z
wall is analyzed for small Reynolds numberz, A nonlinear differ-
ential equation for the radial variation of the pressure and the
gap width is solved simultaneously with the equation governing
the deflection of a spinning circular membrane undexr axial
pressure load. Optical methods are used to measure the gap width
experimentaily. The theory agrees well with the measurements,
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B BRAYTON-CYCLE POWER-SYSTEM DEVELOPMENT, Paper $4-72%
28 at the American Institute of Aeronautics and
es, Society of Actomotive Engineers, ASME, later=~
anced Power Group, and Electron Devices Group of
izute of Electriecal and Electronics Engineers,
:,Spnce Powpr :y;tems Conferenze, 3rd, Phila,,
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4 Brayton~cycie =2p ower system is descriped. The system, which
is illustrated, cecv s of: (1) a2 snlar energy colleckar: (2} a
heat-*ece1Vcr/suorage unit; (3) a recupvrator; (4) a combined rotat-
ing unit: and (5 a radiator. This is 3 singls-phase working-fluid
cycle using inert gas in a closed power-comversion loop, Also shown
is a conceptual illustration of a cumplete Brayton«cycle space

power system. The development work performed on heat rzceivers,
compressors, turbines, gas bearings, recuperatoc$, and radiators is
described,
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Powell, J.¥W,
DYNAMIC CHARACTERISTICS OF EXTERFAULY PRESSURIZED BEARINGS.
Gas Lubricated Bearings, edited by N.S, Grassa
Powell., Butterworths, 1964, pp. 140-151,

=

Methods for recogn various forms of instability are given and
remedies for ipsta are discussed, Synchronous unbalance whi
is examined, equat for various types are given, and inwersion
speed and whirl at vesonance are discussed. Fractioual speed whirl
is examined, whirl onset speeds, factors affecting them, arnd running
thrcugh wbirl are discussed. Methods of measuring radial stiffness
s run for the first time are investi-~
loading, shsck cqézqg and foerced
vibration, Pneumatic instability is also discussed. Ppeumatic
hammer oncurs in bearings in which zas is fed througb a small fead
hole into a2 pocket of relatively large volume and self excited
resonance is associated with choked, or nearly choked, Eeed hole
conditions, and the frequency of vibration is alwavs closz2 to the
natural frequency of the rotor mass and the bearing stiffness.

nizing v
bility rl
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i
nateq. Methcds lngl de static
ns 1

64-113 Powell, J.W,.
THE HYBRID GAS JOURNAL BEARING, Gas Lubrirated Bearings, edited
by N.S. Grassam and J.W. Powell. Butterworths, 1963. pp. 162-178.

Load capacity, design, economic factors, stability and applications
are discussed. The load capacity can be considered to be derived

from the two sources of 2xternally-pressurized pressure and the seif-
acting pressura. Prediction of load capacity is complex but some
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nrogress con be made by gongidering externelly=pradsurizad and self-
acting effects as independent and by combinirng the z2ffects by the
addition of loaé vectors. OClearance ratie, the ratio of the mean
radial ciearsznece to the tearing radius, is su impoctant design pavame-
ter, Other design factoxs sunh as eccentricity ratie, hzaring

pressure factor, feed hole diameter, externaily-pressurized stiffness,
self~acting 1oad vector, and lengtn-to-diameter ratie are discussed.
Gas consumption and pumping power requirswents are luportant economic
factors. Hethods of reducing costs by improved hearing design are
discussed. Self excited half-speed wairl securs in kybric bearings
at a speced approximatsly equal to twice the symchrionous resonance
speed, Methods of preventing this are dizcussed.

PQWOII J"ﬂe
EXﬁERIB {IS ON A HYBRID AIR JOURNAL BEARIRG. Paper &4-Ha.
LUB-11, presented at ASME, Winter Anrual Meeting, Nev York
N.Y., November 29 - December &4, 1954

Thig paper consists of a desaription of gquasi-static load experimants

o obtain performance data for extersaily-pressurized hybrid air

journal bearingy, lessurements ware maGe on externzlly-pressurized

stiffness and stability, and on the variation of the self-acting load

increase with speed, clearance, and gage preesure ratie., The results

are compared with those of a linear superpossition theory, and it is

found that, vhile the fhanry is of geme value for a qualitative é
desaription of the load~ecarryiag performance 5i the bsering, it seri-

cusly underestimates the load czpaciry. [herefore, if used for de-

sign purdoses, the theory requires empiricaliy derived corrections.

Powell, J,%,
GAS BEEAVIOUR AND LOAD CAPACITY OF HYDRODYNAMIC GAS JOURNAL
BEARINGS. Lubricatien ancé Wear Convention, Proceedings,
Bouraemouth, England, May 23~-25, 1963, Lubrizatio
Group of the Institurion of Mechsnical Engineers
pr. 113-125.
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smalier machines has proven difficult., Limiting items on the PRIR
Gas Loop compressors are the bearing materisl and stator insula-
tion. The temperature limitations imposed by these materials sug-
gest further developmental investigation in this area.

Schubert, E.
BEARINGS. German Patept 1,177,878, (to United Kingdom Atomic
Energy Authority}, Applied October 17
12, 1964,

This describes a gac-lubricated journal bearing which may be used
in a nuclear plant and is modified for increased load capacity.

In sequence from one e&nd, the bearing has a ring of orifices for
admitting pressurized gas, z circumferential groove for venting
gas, and a special arrangement which may create z circumferentially
asypmetric pressurs. Tnis arrangement comprises a pressurizable
pocket in the bearing surface, and an adjacent opering{s) such as

rows of vent holes,

Schwarz, Bans and J,P, McGes,
DEVELOPMENT (F A HIGH-TEMPERATURE HELIDM (OMPRESSOR., Rotating
Machinery for Gas-Cooled Heactor Application, Procesdings
Gatlinburg, Tennessee, November 4-6 g
1864, pp. 236-244,

b 4

The components of a hot gas cireculator, using gas bearings, de-
signed by Mechanical Technology Inc. are briefly described., Ths
specifications are as follows: gas— helium; ambient pressure -
500 psia; inlet f=zmperature - 1000F; flow rate - 450 1bs/hr.;
pressure rise -~ 10 psi. The pearings are identical %-pad tilting
shoe type, 21" diameter with an L/D of 0.65. Radial adisstment
means are provided. The thrust bearing is a3 %-1/8" 0.0, 1-7/18"
i,D, carbon-graphi : h an inward pumping 'Whipple® groove
pattern, The runn ness was measured at B00 wmicro-
inches, Shaft jacl 124 from two 1300 are fixed pads
adjacent to the main Instrumentation used fo ogbserve
and measure the bear thickness is described., Future
trends are noted.
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generators. 4ll applications utilize the above-mentioned advan-
tages, Several future applications of gas bearings in the more
exotic areas are predicted.

Sternlicht, Beno an. L.W, Winn,
GEOMETRY EFFZCTS ON THE THRESHOLD OF BALF-FREQUENCY WHIRL IN
SELF-ACTING GAS~-LUBRICATED JOURNAL BEARINGS, Trans, ASME, (J.
Batic Engng.} vol., 86 D, no. Z, pp. 313-320. {(June 1964),

This article is based on an investigation sponsor:i by Navy contract
Nonr 2544 (00)(Genersl Electric Company report, AD-266 016, published
October 16, 1961). Variations in geometrry include a f£ine orifice in
the bearing vented to atmosphere, two or three axial grooves in the
bearing (groouve orientation varied), and combinations of grooves and
orifices, DPlain bearing results are given for comparison, Details
are also presented of computer sclutions for steady-state load capa-
city for the grooved bearings., Conclusions draw attention to the
need for theoretical analysis ¢f the half-speed whirl condition.

The analysis of Marsh, "The stability of aerodynamic gas bearings,”
{Cambridge University Ph.D. thesis, March 1963],*although not avail-
able to the authors at the time of publishing their article, will
predict the whirl threshold speed of the axial grooved bearings to
approximately 10% accuracy and is capable, with minor modifications,
of predicting the results for bearings with orifices, (See Ref.#63-052).

Strass, Wiliried and Bernhard Schreiber.
{ GAS-LUBRICATED, STATIC JOURNAL BEARING). GASGESCHMEIRTES
STATISCHES GLEITLAGER. (in German,. German patent 1,183,744,
(to Linde's Eismaschinen A.G.). Applied June 24, 1960,
Issued December 17, 196«

This particular journa” bearing is designed for radial and/or axgial
thrust with at least onc restrictor between gas ir'et and bearing
gap. One bearing-half consists of single compone..cs whose cantact
fzce rung at least partly in the direction of the bearcing gap. The
rzstrictor is s shim mounted between the bearing-halves and has
slits open to the bearing gap to form inlet nozzles for the gas.

Togo, Shinichi,
STUDY ON KYDROSTATIC AlR BEARINGS, PART II, (in Japanese).
J, Japan Soc, Prec. Engng., vol. 30, no 6, pp. 468-474,
(June 1964).

This paper describes the method for determining the pressure dis-
tribetion and the load capacity of hydrostatic air bearings using
the conducting sheet analogy. For bearings of constant film thick-
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ness, the pressure distribution ~d the bearing mean pressure of
thrust bearings (the single pocket sQuare type and the thrust
rlné type) are investigated. For bearings of variable £il

s 1b

thickness, the pressure di
eccentrlc condition is obtalnc

Trugman, L.A.
SOME TESTS ON HYDRODYNAMILZ GAS BEARINGS AT NORMAL AND ELEVATED
TEMPERATURES. Paper presented at ~he 1Yth ASLE Annual Meeting,
Chicago, Iii,, May 26-28

In ordar to develop a miniature rate gyroscope capable of gperating
at extremely h ’igh temperatures, 2 gas bearing spin motor assembly
was required, Some of the efforts to achieve this goal are pre-
sented in this paper. Gas bearing test results are presented for

5
various bearings operating at temperatures as nigh as 10060 F and

=

speads as high as 275,000 rpm., Rotors Labrlcated of tungsten
carbide, nickel base alloy {Ni-Cr-Fe) and 440 C stainless steel

{‘J.. ﬂ)

Qa
=

were evaluated ring this study.

Yivian, C.H.
AEROD TNAMICS
vol. 63, no.

SPACES, Compressed Air Magazine,
-i5. (April 1984,

Lot
o ot
33
i
L
o]
Y]
i
-
[

A brief Listory of the development of research in gas lubricated
bearings is given. The two principal classes of gas lubricated
bearings, self~-acting and externally pressurized, are defined.
Advantages and shortcomings are listed., Applications £ gas
lubricated bearings include precision grinders, centrifuges,
turboexpanders, gas circulators, rotors for closed~-type gas tur-
bines, air-cycle refrigeration machines, motors for refrigeration
defrost fans, yarn spindles, precicion measuring instruments,
gyroscopes and related device., elements of computing machines,
memory storage drums, jigs, tools, and fixtures of various types,
4 short summary of the state-of-the-art is included,.

Vohr, J.H. and C.Y. Chow,
CHARACTERISTICS OF HERRINGBONE-GRUOVEDR GAS-LUBRICATED JOURNAL
BEARINGS. Papers 62-Lub-15 presented at the ASME-ASLE Interna-
tional Lubrication Gonference, Washington, D.C,, October
13-1o, 1964

This paper is based on an investigation at Mechanical Technology,

Inc, sponsored by Navy contract Nonr~3730(00) [Repc:-ts MTISALTRIS,

AD-#36 263, (April 2, 19€4) and MTI63TR32 {January 1964) ]. A
ferential egquation is sbtained for the smoothed overall
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pressure distribution around a herringbone-grooved, gas~lubricated
journal bearing operating with a variable film thickness, The equa-
tion is bagsed on the limiting case of an idealized bearing for
which the number of grooves approaches an infinite numbar., A
numerical solution to the differential equation is obtained valid
for small eccentricities, This solution includes the case where
the journal is undergoing steady circular whirl, In addition to
the usual plain bearing parameters L/D, A and whirl speed ratio
ﬁngqﬁﬁ + G32}, the behavior of a grooved bearing also depends on
four additicnal parameters: The groove angle 59 , the relative
groove width { , the relative groove depth H_, and a ccmpressi-
bility number, Ag , which is based on the re?ative speed betwesen
the grooved and smooth numbers of the bearing, Results are pre-
sented showing bearing radial force and attitude angle a3 functions
of &, oo, Hy, 4s.4A, and whirl speed ratio.

Vohr, J,H, and C.H.T. Pan.
ON THE SPIRAL-GROOVED, SELF-ACTING, GAS BEARING. Mechanical
Technology, Inc. Report MTI-63TR52, January 1964. Navy
contract HNonr-3730(00).

A differential eguation is derived for the smoothed overall
pressure distribution around an arbitrarily-shaped, grooved,
journal bearing operating with a variable film thickness. The
equation is based on the limiting case of an idealized bearing
in which the number of grooves approaches infinity, but it is
expected that the equation wonld apply quite well to 3 bearing
with a large but finite number of grooves. An analvtical solu-
tion is obtained for the pressure distribution around a spirazl-
grooved, cylindrical journal bearing valid for small eccentrici-
ties and incompressible lubrican=, The analysis shows that
appropriate grooving of journal bearings can result in a signi-
ficant improvement in radial stiffness and & significant de-
crease in attitude angle for the bearing, These results indi-
cate that grooving could be used to enhance the stability of
jovrnal bearings,

sy

Walkling, E.S.

JACKING SYSTEM FOR GAS BEARINGS. U,S, Patent 3,162,492,
(to Bristol Siddeley Engines Limited). Applied October 27,
1961, 1Issued D.cember 22, 1964,

This patent refecs to an exterually-pressurized means for Jacking
a rotor, normally supported on self-acting bearings, and creating

separatien of bearing and rotos at starting and under other condi-
tions when the self-acting film is inadequate to support the load.

o — e —— . ——EEEE ey
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64~148 Warnock, Lyie,

Lear Siegler's Instrument Div, has developed a technique which in-
volves air s ion of an accelerpmeter mass or 3 gyro's pre-
cession axis but

, unlike previocus air bearings, it does not require
an external air sourge nor does it require motion of the supported
member to develop the suspension force

E=4
~ =

64-147 Wzrnick, R.J. and G.H.T. Pan.
STATIC AND DYNAMIC CHARACTERISTICS OF SELF-ACTING, PARTIAL-ARC,
GAS JOURNAL RFARINGS, T-ans., ASME, (J. Basic Engng.), vol.
8 D, no. 2, pp. & 3

05-413, {June 1964},

(%11

The Reynolds equation applicable to a self-acting partial-arc gas
journal bearing is perturbed in terms of the compressibility num-
ber A . The resulting set of eguations is then put into a stan-
dard form and Galerkin's method is used to obtain bearing loads
ané stability derivatives. These results are expressed in a power
series in A .
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tiey, Stanley
IKSTABILITIES IN SELF-ACTING BEARINGS., Gas Lubricated B
% k]
i

N
edited by N.§5. Grassam and J,w, Powell, Butterworths,
P?. 35“&{}9 a

Topics discussed inciude vibrations of the thrust plate, synchronous
shaft vibrations aid half-speed whirl. Experimentally determined
values of dynamic stiffness are presented for plain bearings, bear-
ings with holes or axial slots, with circumierential pumping grooves,
znd pa bearings. Arn appendix deals with the stability of self-acting
bearings and outlines new theoretical work by B, Marsh desaling with
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This paper consists of 2 consideration of space-simulator bearings
of the externally-pressurized, gas-lubricated type and of the
stringent requirements they wust meet, Of primary importance is
that they contribute &s nearly as possible zero error torque to
the supported simulator structure, and that changes in this torque,
as the structure is rotated as desired about all three axes, be




extremely small, The bearing must be stable and free of vibration
under all conditions and, under the more sophisticated simulators,
the bearing must sustain lateral as well as vertical loads 'ith
close control of film thickness. Bearing-dezign paraveters and
equations are established. A detailsd computer analysis explains
why these bearings cannouv & operated belew a certain minimup film
thickness. Error torques resulting from flaws or scratches in the
bearing and sphere surfaces are analyzed and found to increase
with £i*m thickness, Bearing-error torque is found to increase as
the square of the load.

64-150 Wildmann, M,
FOIL BEARINGS - THEIR GENERAL BEHAVIOR WITH PARTICULAR EMPHA-
SIS ON THE EXTERNALLY PRESSURIZED BEARING. Ampex Corporation.
Res, and Engng. Pub, BR-64-13, (December 1964

The eGuations describing the behavior of toil bearings are set
forth, Linearized solutions to these equations are obitained
These sclutions are used to examine the effects of foil s
and iubricant compressibility. Finally, the behavier of a £
of finite stiffness in the vicinity of a pressurizing groove is
analyzed in detall, and the results of this analysis are used to
design externally pressurized foil bearings.

64-151 Wildmann, M,
CROOVED PLATE GAS LUBRICATED THRUST BEARINGS, WITH SPECIAL
REFERENCE TO THE 3PIRAL GROOVE BEARING. Paper 64-Lub-25 pre-
sented at ASME-ASLE International Lubrication Conference;
Washington, D,C., October 13-18, 1964,

The basic equations governing the behavior of spiral-groove, gas-
lubricated thrust bearings are derived, and the assumptions made
during this derivation are stated and explained. From thess egqua-
tions exprassions for lcad of spiral groove thrust-bearings are
obtained and optimum performance curves are presented.

64-152 Wildmann, M., J. Glaser, W.A., Gross, D.E. Moors, L. Rood and S. Coope
GAS-LUBRICATED STEPPED THRUST BEARING - A COMPREHENSIVE STUDY.
Paper 64-LubS-6 presented at the ASME Lubrication Symposium,
Cleveland, Chio, April 28-30, 1954,

The theoretical part of this paper is based on Ausman's analysis of
gas-lubricated stepped slider bearings, but presented in simpler form.
Experimental data in this paper verify Ausman's solution., A correla-
tion is attempted, and the design procedure given here is based upon
a2 combination of the Ausman theoretical method and these experimental
studies.
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1ist is an index of those
the 2500 periodicals screened,

found o contain papers pertinent to gas-

lubricated bearings.

LIST OF

Aeronaut. Quart.
Aerospace Engng.
Amer, J, Phys,

ASLE Trams,

Appl. Mech, Rav,

Appl. Sci, Res, {A)

Atomkernenergie
Atomwirtschaft
Aviation Week
Brown Boveri Miti.
Bull, JSME
Certif, Engr, 7
R AT e aes TELYE S
Chartered Mech, Engr,
Chem, Week
Compressed Air Magazine

Compt. Rend, Acad, Seci., Paris

Control Engng.
Design News
Dissert. Abst.

Electromech, Components
Systems Design

Engineer
Engineering
Engng. Mats, and Design

Engng. News Record

PUBLICATIONS ABSTRACTRD *

Aeronautical Quarterly, London.
Aerospace Enginesring, New York,
Journal of Physics, New York.

American

American Socciety of Lubrication Engineers
Transactions, New York.

Applied Mechanics Reviews,

Applied Scientific Research, section (4)
mechanics, heat, The Hague

Atozkernenergie

Atomwirtschaft

Avigtion Week and space technology, New York.
Brown Boveri Mitteilungen,

Bulletin of the JISME. Tokyo

GCertificated Engineer,

= - - = -

.
ot YL i ‘ - T

Chartered Mechanicsal Engineer, London,
Chemical Wsek,
Compressed Air Magazine,

Comptes Rendus de 1'Academie des Sciences,
Paris.

Control Engineering, New York.
Design News.
Dissertation Abstracts,

Electromechanical GComponents and
Design,

Systens

Engineer, London,
Engineering, London.
Engineering Materisls and Design.

Engineering News Record.
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Bearing Instabilities of the ¥hip,

SUBJECT INDEX

Whirl, or Air-Hammer Types.
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61-015
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51-020
§1-021
§1-023
61-031
61=043
62-003
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63=045
62-050
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£2-079

£2-084
§2<085
£2~086
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62-030
£7-092
£62-093

62-094
62-059
62-101

£3-107

62-110
§2-111
§2-115
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62124

62-126
62-130
53-008
§3-009
62015
63-016
63-033

-63~035

63-036
63-044
63=045
§3-046
£3-048
63-049

63-050

63-052
63-053

-63-069

63-070

63-072

63-074
§3-077
63-078
-63-081
63-083
63-088

63-089-

63-093

-63-094

a4-012
£4-014

64-016

84-018

64~023
§4-025
54-026
64-031
64-032

84-033

64-035
6L4-0lk
64-056
64-063
64-072
64-073
64-076
64-077

64-078

64-083
64=085
64-097
64~055
64-103
§4~105
$4=-113
64-113
64-120
64-123
64-127
64=-129
64-138
64-143
64-147
54-148
h-1543

Books, Reviews, Surveys and
Advertisement Type Literature.

00-017
00-021
00-023
§1-004
61-025
61-032
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61-03%

£1-050
§1-0%2

61-046
61-049
§1-051
51-052
§2-006
§2-01%
§2-017
£2-441
2-0L7

Esiig
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()

§2-049
52-054
62-081
62-083
62-06%
8Z-063
62-066
§2-063
62-07%
£2-082

Books, Reviews, Surveys and
Advertisement Type Literature. {Cont.)

62-083
6§2-087
62-089
62-098
62-102
62-106
62-108
62-109
62-115
62-1158
62122
62-124
62-125
63-128
62-129
62-130
63-003
63=022
$3-023
63-024
63=530

63-0G31
6§3-032
63-041

-63-060

£3-083

63-088

63-092
63-097

. 64-007

§4-012
64=-015
64-021
64-022
64<024
64-025
64-032
64-039
64=041
64053
§4-03Z4
64-055

64-060
64-062
64-078
64-089
64-035
64-099
&64-100C
£4-105
64-107

64-122

64124
64=125
64-131
64-132
64-133
65-136
64=137
54-138
64~1472
64-155

Combination Externally-Pressurized
and Self-Acting Bearings.

00-002
-C0-047
61-001
57-009
52-050
§2-073
62-096

62-119
63-036
63-04B
64-023
64-046
64-049
84~050

64-051
65-071
54-113
64-114
64-123
54-139
64-145

Externaliy-Pressurized Journal

Bearings.

00-001
00-063
00-G04

$0-086.

00-010
00-013
00-016
00-027
00-031
00-32
00-040
00-0%1

0G-~045
0G~049
$1-001
61 503
61-000
61-0067
61-G039
61-523
61-024
51-026
61-031
£1-03%

§1-035
61-041
§1-047
$1-051

1-053
62-001
62-004
52-005
62-006
62-008
§2-009
§32-013

“““WWW




Externally-Pressurized Journal

Bearings.

6§2-G15
62-021
£2-031
62-034
62-037
$2=-039
62=047
62-050
§2-551
62-0358
62-062
2-063
62-066
52<067
62-065
62-069
62-071
62-072
§2-0173
62-074%
62-076.
2-077
§2-078
§2-080
62-091
62-092
62-09%
§3<=101
£2-103
62-112
-62-114

{Cont.}

§62-1156
62-117
62-119
62~128
62-129
62=-130
63-011
63-013
63-022
£3-025
63025
63-028
£3-031
63-037
63-038
63-045
63-04s
63-053
63=038
63-061
63-062
£3-068
£3-073
63-077
63-080
63-DBY
63-083
63-086
63-038
6a-00:
64-003

64-008
64-025
6:-039
6h-0431
64-042
§4-0U8
64-047
64-049
£4-050
64-051
54-033
54051
84-0G70
84-071
64-077
84-082
64-085
64-097
64-109
64-115
64-123

6L-125

64127
64-128
£4-129

64-130

64-135

64=140

£4-145
64-156

Externally~Pressurized Thrust

Types.

85-025

a
‘Bearings of the Dummy or Piston

GO-045.

62-150

Externally-Pressurized Thrust
Bearings of the Flat Piate

{Including Recesses)

00-008
06-026
00-028
00-035
00-033
00-035
00-037
00-057

00-034
61-003

Types,

61-035
$1-036
51-337
51-038
51045
61-333
62-003

62-007

Externally-FPressurized Thrust
Bearings of the Flat Plate

{Inciuding Récesses} Types. {Coni.)

£2-609
62-015
§2=-026
§2-027
62-028
£2-02%
£2-030
62-031
62-034
82-045
62054
52-053
62-G66
82-087
62-06R8
62-069
§Z-070
52-071
£2-072
62-089
£2-099
§2-193

32-106
£2-111
£2=112
62-113
82-116
£2-117
§2-123

§2-124
2-125
£§2-127

62~128.

62-129
£2-130
£3-005
£3-005
53-(311
83~022
£3-025
£3-025
£3-028
63-031
£3=-037
§3-038
£3=045
£3-045
£3-053
53-057
63-05%
3060
83-051
63-063
63-064
§3-058
63-07¢
£3-077
£3~-0z8

£3-0383
£3~098
54-001
64-502
£4-003
84-00%
54-005
$4-506
64-008

64010

£4-020
§4-025
£4-059
£4-050
£5-031
ER-071
84-072
§4-073
55-092
§4-093
£5-094

£4-083

54-301

£4-105

- 64-138

54-135
84148
64-145

Externally-Pressurized Thrust

‘Bearings of the 51

Cenical Types.

86-003
00-003
08-007
00-01%
00-529
00-033
05-034
80-051
£1-002
61-528
61-030
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nalysis,

64-141
64-143
64-144
64-147
64-150
64151
64-152
64-153

64-026
64-027
64~029
64-030
64~031
64-033
64-035
64~036
64-038
64040
64-041
6l~0L2

" 6L~-0kl

61-045

Bh- b

64~ 353
6L-GoYl

64=065.

64-068
64085
§’4-,082‘
64-088
64-098

64102

64-105
64-107
64-118
64-124
64~141
64.-143
64-144
64-147
64-148

Flow in Restrictofs, Self-Acting Bearing A
General. {Cont.)
£2G-022-  #2-071 §4-020
00-048 62=-080 64-052 64-075 64-113
61-003 62-088 64-070- 64085 s4-114
61-009 62-111 64-092 64-090 64-115
61-010 63-026 64-093 64-091 £h.118
61-024 63-059 64-094 64-098 64-121
61-027 63~060 64-095 64-101 64-127
. 62-013 63-061 64-116 6L4-104 64-131
: 62-028 63~062 64-128 64-112 64-134
: 62-029 63-063 64-130
2 62-031 63-064 64-135 Self-Acting Journal Bearings of
H 62-058 63=080 Finite Width,
z -62-048 63=081
g : 00-011 62-107
o Self-Acting Bearing Analysis, 00-018 62-110
: General, 00-024 52~118
£ 00-025 63-012
: 00-019 62-079 63-056 06-026 63~013
: 00020 62-084 63-057 00-038 63-020
00-036 62~085 63-069 00=049 63-021
7 00<039 62-086 63-072 0U=-052 63-022
: 00-043 62-090 63=075 61~015 €3-027
c0-044 62-093 63-0756 61-017 63-034
- 00<055 52-097 63-079 61-018 63-035
£ 61-005 62-105 63-084 61-019 63~036
= 61=011 62-115 63=085 61-020 62-0u4
: £1-013 62-118 $3=090 61=022 63047
61~014 632001 - 63-091 61-049 63-04¢
i 61-015 '63~008 63-092 61-051 63<051"
z 61-017 -63-009 63-094 62-011 63-G32
: 61=019 63-014 64-013 67-012 63-054
61033 63-015 64=014 62-023 63-06%
61-050 63-016 64-015 2-G24 63-075
6©2-002 63-018 64-017 62-025 -63-076
62=016. -63-019 64-024 §2-033 63-078
62-018 §3-020 64-025 62~038 63-079
62-022 63-021 64-030 62-039 3-683
62-023 63-022 54-031 52-047 63-084
62-024 63-027 64-033 62-051 -63-087
62-027 63-034 64-034 62-052 63-083
62~032 63~035 64-035 62-055 63-090
62-033 63-036 64-036 62-059 63-0951
62=034 63-039  64=037 62-060 63-092
62-038 63-042 64-038 62-075 63-094
62-047 63-043 64-048 §2-076 63-095
62-055 63-044 54-053 62-033 64 009
62-056 63-049 64-056 62-094 64-016
- 62-057 63-052 64=064
62-059 = 63-054 64-065
52-060 63-055 64-068
) ~204-




Self-Acting Journal Bearings of Materials, Coatings and Boundary

) Infinite Width, Lubrication. (Cont.)
]
00-016 63-016 64-012 64-071 §4-109 64149
00-039 63-020 64-018 &4-076 64-122 64-152
62=-002 63-021 64-023 64-106 64-126 64155
62-018 63-022 64-032 54-108 64-141
62-055 63-090 64-038
63-009 63-092 64-104 Specific Applications.
63-015 64-011 )
oL 00~003 61-036 62-069
Seif-Acting Thrust Bearings of 00-004 61-037 §2-070
the Pumping (Grooved) Types. 00~-006 61-038 62-072
) 00-008 61-0541 62-074
00-012 63-018 64~107 00~010 61-042 52-076
60-038 63-051 64~120 00-012 61043 62~078
00-053. 64-032 64148 00-013 61~047 62-081
62-G10 64042 64~151 00-014 61-052 62-083
62-121 64-083 - 0G<015 62-004 63-087
62-123 64-096 00-018 62-005 62-089
00-~-323- 62-006 52-091
Self-Acting Thrust Bearings of 00-024 62~007 £2-095
the Tilting Pad, Tapered Load, 00-025 62-008 §2-098
or Discontinuous Geometry Types. 50-026 £52-009 82-093
_ 00-028 62-010  62-105
00-015 62-025 63-092 00-031 62-012 62-101
61-005 §2-057 §3-05%6 00-032 §2-015 62-102
i 61-008 62-098 64-025 00-(33 62~017 62-143
R 61-030 - 62-105 64-030 00-034 §2-019 62-104
61-033 63018 64-034 - 00-037 62~02C 62-105
51=048 63-047 64~030 00-038 $2-021 62~107
61=050 63-054 64-107 - 00040 62-025 62-108
62-023 63-082 6h4-141 00-045 62-025 62-113
62-024 63-085 64152 00-047 -62-035 62-114
00-049 62-037 62-116
Materials, Coatings and Boundary 00-054 62-038 62-120
Lubrication, 61-002 -62-03% £2-125
' 61-004 62-04G 62-127
00-001 62-064 63=032 61-006 62-043 52-138
60-008 62-067 £3-G51 61-007 82-044 62-129
Q0-027 62-074 63-053 61-016 62=045 63-002
00-032 62-075. 64009 §1-018 62-045 63-003
00-033 2=577 64-016 61-019 62-047 63-~-004
GG-034 62-078 64023 61-020 62-051 63-005
00-042 62-082 64-~040 61-021 62-052 63-006
00052 62-095 6l 3 61023 62-053 63-007
61008 62-096 64-030 61-024 62-D54 63-011
61~031 62-097 64-051 61-026 62<056 63-012
652-013 63-012 64~052 61~025 82-057 63-013
62-017 63-023 64-058 61~030 62~-058 63-017
62-024 63-028 64-059 61-034 62-0635 63-024
62-040 63-029 64-071 61-0G35 62-066 63-025
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Specific Applications, (Cont.)

63-029 64-009 AL-ORL
£3-032 84-010 64-086
63-037 64011 64-087
63038 84-016 54-088
£3-040 64-018 64-096
63-047 64-022 64101
63-050 64-026 64-108
63-051 64-029 64-109
63-054 64-039 64-110
£3-058 64040 84-111
£3-065 64-041 64-114
63-067 4042 64-117
63-068 64-044 64-119
63=072 64045 64120
63-073 64=0L7 64-121
63-078  64-052 64-122
63=082 64-057 64-124
63=087 . 64-061 64-126
63095 64-063 §4-129
63-097 64-067 64-133 o
63-098 64-069 4-142 ' ] -

64=001. 64-072 64=145
64=002 64074 84-146
64-=003 54-076 64-143
64-00i H64=078 84350
64-005- 64-079 64-155
§4=006-  6U4-0B0 54155
64=007 64081 :
64-008 64-082

Toil Bearings. . ]
00=0612  64-017  64<150
- 63=010 £4-019 64153
53<014  -64-04B
£3-031  64-030
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PATENT INDEX

Patent No. abstract Ko, Fatenl Titie
UNITED STATES

2,670,146 00-018 WINDING MAGHINE,

2,683,636 80~051 AIR BEARING,

2,854,238 00~-007 AXIAL AND RADIAL THEUST BEARING.

2,862,385 00-054 VIBRATION TABLE.

2,864,552 00=502 SHAFT OR LIKE BEARINGS.

7,869,901 00-014 BALL AND SOCKET COUPLING HAVING AIR BEARING

MEANS.
2,884,282 00-040 BEARTNGS FOR ROTATING SHAFTS WHICH ARE
UBRICATED BY GAS.

2,886,651 00-047 AIR HEAD,

;355,323 00-010 NEUIRONIC RFACTOR FUEL PIMP.

2,889,474  0G-0%4 AIR SUBPORTED ROTOR.

2;399‘;25{;‘ o 3{3—%}15 S MAGNETIU DISC amaaﬁ '

3,905,768 00-012 AR HEAD, SR
'2;§QS§:15!;- ' i}é%{}{}‘s_' . E E&&?EGS u’r& FORGE Lzama‘rzx MEARS.
2,915,358 :és-z}jz}": RECORDING mxgs:-z ASSBMBLY ‘faa {:&xzsmza
, : OR THE LIKE, .

2,815,502 80-GO8  ADXILIARY B E&“RL":SV,?GR:.SQSI'TI?% ESE&&E}‘E‘S

2,928,960 00-0325 DYNAMOELECIRIC DEVICE. |
2,929,548 00=013 TURBOCOMPRESSOR.

2,929;671 00~085 COMPUTER DRUM CONSTRUGTION.

2,837,295 00-026 'DYNAMOELECTRIC DEVICE WITH FLUID SUPPORTED

: ROTOR.
2,942,385 05-030 APPARATUS -FOR MOVING: PARTS OF MACHINERY ON
A SUPPORT. :
2,951,729 00-Gi1 " GAS BEARING,
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Patent No.
2,006,697
3,012,827

3,013,845

3,026,150
3,034,635
15,*33%53?
3,039,830
3,062,460

3,049,353

\y

("

B

3,053,

3,058,785

Abstract No.

61-043

§1-022

£1-027

$2~021

62-011
62-012
£2-119
62-0lk

§2=370

-62-0338

£2-107

62-075
62-058
£3-093
63-613

“63~087

6£3-~028

53-072

64-15Z

64-119

H4-067

64-074
54-046
64-023

64~047

Fatent Title

GAS LUBRICATED BEARING.
GAS SUPPORTED BEARING.

SUPPLYING SUPPORTING GAS TU A GAS PRESSURE
BEARING,

AIR BEARINGS.

AIR BEARINGS.

GAS LUBRICATED JOURNAL BRARING ASSEMBLIES,
JOURNAL BEAP GS,

SLIDE BEAR:n. CONSTRUCTION.

DAMPING VIBRATIONS IN A GAS BEARING,
AIR BEARING,

GAS LUSRICAZED BEARINGS.

AIR BEARINGS.

ATR BEARING,

JOURRAL AND JOURNAL BEARING ASSEMBLIES.
GAS LUBRICATED BEARING SYSTHM,
COMBINED JOURKAL AND. THRUST BEARING,
HYDROSTATIC BEARING,

SHAFT BEARINGS,

GAS-LUBRICATED JOURNAL BEARINGS.
ATR BEARING.

GASEQUS BEARING.

BEARIEGS,

AERODYNAMIC BEARING.

GAS BEARINGS.

AIR BEARING,
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62-037
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63-058

METHODS OF MANUFACTIRING SOURNAL AND JOURMEAL

PERATING PROCESS FOR A MOTIVE POWER

HSTALLATION COMTRISING A RUCLEAR REACTOR,

4
Bk S M IT Poamwy  TITTIITASUTR ST RIS TURP B SN et A
N BDEVICE FOR PEEFOBMING THIS FEOOEST

e pd €2

IMPROVIMENTS IN OR BEIATING TO CENIRIFHAL
FIZMPS AND APPARATUS FOR SaMPLING RADIO-AGTIVE
LIGEIDS, A

TMPROVEMENTS IX OR RELATING 7D GAS BEAZRING
SYSTRMS.

TMBROVEMENTS IN AND ES1ATING TO BEARINGS.

GYROSUOPES, GYROSOOPE STABRILISED JYSIEMS AND

TMPROVEMENTS IN OR KELATING T0 TERIST

BEARINGS.
IMPROVEMENTS IN {R REIATING T0 GAS LIBRICATED
JOURNAL AND JOURMAL B I
PImPS,

DMPROVEMENTS TO FLUID: BEARINGS.

IMPROVEMENTS IX AND REIATING IO £4AS BEARINGS.

IMFROVEMENIS IN FLUID FIIM DYNAMIC BEARING-

SYSTEMS,

IMPROVEMENIS IN OR ERELATIRG I0 JOURBAL AXD

EEARING ASSEMBLIES.

b
)

IMPROVEMENTS IN OR RELATIRG 1D GYROSGOPES,

IMPROVEMENTS IN OR RELATING TG FREE PISTON

= S fw} £ TTYYeT b TeTeE LT RIS
COMPRESSORS WITH GAS BEARINGS.
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Patent No. Abstract No. Patent Titls

333,513 £3-017 IMPROVEMENTS IN AND RELATING T ATR LIBmRICATORS.

355,967 65-117 DMIROVEMENTS IN AXD DEIATING IC PINTLE TIRUST
REARINGS.

YEST GERMANY

y

~123 BEARINGS.

L]
§

1,177,878

1,183,748 £4-133 {GAS-LUBRICATED, STATIC JOURNAL BEARING].

GASGESGIMISRTES STATISCHES GLEITASER.  {in
Gersmany.
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